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< 0 Cloning and expression of microbial phytase. 



© A nucleot.de sequence encodng pnytase has been seated and cloned. ^^J^^^^ 
rserted into an egression construct wnicn in turn has been inserted -mo a vector cacao* transforming a 
^ TJJZ host The transformed m.cro** heats may be u~o to > «eono^ ^J^Z 
an Austria! scale. The phytase produced via tna present invantion may be used in a variety of processes 
requiring the conversion of pftytate to inositol and inorganic phospnste. 
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CLONING AND EXPRESSION OF MICROBIAL PMYTA3E 



The. present invention relates to re microbial production of phytase. 



Background of the Invention 



Phosphorus is an essential element fer the growth of all organisms, m livestock production, feed must 
be supplemented with inorganic phosphorus in order tt obtain a good growth performance of monogaatnc 

animala (e.g. pigs* poultry and fish). , 

In convast r« inorgenK phcephete needs to be added to the feedstuff, of rum,nart animals. 

Microorganisms, preeent in the rumen, produce enzyme* which catalyse the convert of pnytate (myo 

i.wriolhexafcs-ehospriete, to inositol end inorganic phosphite. 

SyitTSure as a storage phosphorus source In virtually all feed *b*tancea creatine from p»tt 

(.or a Lew see. Phytic acid, chemistry and applceliona . E Graf (ed.). Pllatus PreeejMmr>eepo>e, MN, 

U.SA (1966)). Ptnr5icc^eTil%d all nuts, cereals, legume*. 

salts of Phytic add are termed prrytjn. Phytic add is considered to be an ar^nutnttonal factor erce it 
SUL SeXuch es «^ magnesium, iron and mey aiso react with prot-ns. thereby 
decreesing the bioavailabiity of protein and nuWionally importjrt minerals. 

Phytai phosphorv. passee through the g-tro-rrte^ » of mt^M ^ f ^^" 
the manuTe. Though some hydrolysis of phytste does occur '«^cc^e «»«»^»*"* 
phospncrua has no nutrrttcnai value since inorganic phosphorus Is ttecrt^onty m 
wnsequenc*. a significant amount of the nutrrtionaily important phoephorue m not ueed by monogaetrlc 

animala. despite its presence in *e feed. liv--nrk 

The excretion of phytat* phosphorus in manure has further consequences. Intensive livest^ ixoCuc- 
tt0 n Z lam* enc^cZy during tie put decades. Co^-nfly. the ™<^J™» S"S^ 
increased correspondingly and r« caus* er^ironmen* 

due. in pert, te the aceumuletlon of phoephate from manure In surface waters which has caused 

ei ^' C ewmee produced by microorganism*, that catalyse the conversion of phytate to inositol and 
inoroanic orwsphorus are broadty know* ea phytaaes. Phytase producing microorganisms eompnse 
^^JSTS^wSSTyJK. Prver end V.J. Jagannethan (1982) J. Bacterid. 151 . 1102-1108) 
^T£*££J^G^ (1970) Awtrei J. BW. Sd. 23 . 1207-1220): yeast, such a. Sac; 
SiS^TN.^ni L P. Ma**s (1984) ^^^^^^^ 
-gra^TunoTsuch a. Wg8Le terreue tJC Yamade, Y. Mmoda and S. Y «"^ J^^.^ 
Chem.32 . I27il282). Verioue other Aspergillus speoee are Known to ^™J^ n *?** ai ** 
phy^e-lrodueed by Asperger toumTSTeen detained to * 
speotfte acdvtty, ea wo « as having SetSTthermostabiHty than Phytaees produced by other microorgan..me 

iX ^!^S^^ microbial phyuse to the feedstuff, of moriogastric annuls h« ^ 
descrf^JSre. JK M L and SNeh. T.R (1987, U.S. P«ant No. 3.297.54ftrW»a TAJ M. . TA. 
S nj. «*> Ware. J.H. (1871) J. Nutrition 101 . 1289-1294). To date. 
cooewtnes rot been commercially feasible, due to the rsgh cost of the produce of the rwobial 
•n^Ss "vi CmXm Ar.n-1 Feed Sc.. a Techno.. 24 . 345*50,. For economy reasons, morgan* 
ohcaohorus is still added to monogastrtc snimal feedstuff*. 

Sal "yt»7h«ve tounTwher .ndusttsJ use. .. wH. Exemplary of such utUtJe. .. an lndu.tr... 
protSTi ££5** of starch from cm such as com ard whe*W.s* P^ctacor^^ 
com oLten taoi from such a wet miSng process are sold as ananal feed. Ourmg the steeping process 
WtZT^Z™*- Ccndi«™<T-60-CandpH - 5.5, ere ,de* tor 
EuCen Pst^t Application 0 321 004 to Alto Ltd.). Ad^t^sry. twd. dortved from the wwt. 
produas of this process will contain phosphate instead of phytate. c.^ni &vrw«*. Bv 

,t has ** been conceived that phytase be ueed * soy ^2T£SrrSSiS 
Alko . a product information brochure publshed by A*o Ltd.. Rajami-e. Rnland, . Soybean 
S aveb of the entl-nutritioneJ factor phytate which riders this protein source LSfSS 
In tai food end feed for fish, calves and other r.orKuminants. Enzymatic wadng of this v**Me prote.n 
sou.-ce improves the nutritional end commercial value of this materiel. 
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Other researcher*, have become interested in better characterizing va/ious phytasea and improving 
prccedures fcr the production and use of these phytases. UHah has published a procedure lor the 
aerification of phytase from wiic-tyee Aspergillus flcuum . as well as having determined several biochemical 
parameters of the product ootamed by"Hs purification procedure (Ullah. A, (I98fia) Preparative acchem. 
18 . 443-468). Pertinent data ootamed by Ullah la presentee in Table i. below. 

~~ Tha amino acid sequence of tne N-termlnus of the A, ficuum phytase protein has twice been disclosed 
by Ullah- Lilian, A. (1987) Enjyme and Engineering conference IX. October 4-8. 1987, Santa Baroara. 
Ca,iforr.ia (poster presentation): ana Ullah. A. (1988b) Prep. Blochem. 18 . 458-471. The amino acid 
«equenco data obtained by Lilian ie reproduced In Rgure 1A. sequence E. cekjw. 

Several interesting observations may be made from the disclosures of Utah. First of all, the "purified" 
preparation described in Ullah (i»88a and 1988b) consists of two protein bands on SDS-PAGE We have 
•ound, however, that phytase purified from A. flcuum contains a contaminant and that one of the banda 
found on SOS-PAGE identified by Ullah as amylase, is originating from this contaminant 

This difference is also apparent from the amino add sequencing data published by Ulah (1887. 1988b; 
compare Figure 1A. sequences A and 8 with sequence C). We have determined, in fart that one of the 
amirT add sequences of internal peptides of phytase described by Ullah (see figure 18. sequence £) 
actually belongs to the contaminating 100 kOa protein (Figure 1Q which, is present * ^ Prapvtiff 
obtained via the procedure as described by Ullah. ardseanuoneofthetwobandson SDS-PAGE (Utah. 
1988a and 1988b). Ullah doee cot recognize the presence of such s contaminating protein, and instead 
identifies it as another form of phytase. The presence of such contamination, in Urn. increases the difficulty 
in selecting and isolating the actual nucleotide sequence encoding phytase activity. Furthermore, the 
aresence of the contamination lowers the specific activity value of the protein tested. 

Further regarding the sequence published by Utah. 8 should be noted that the amino acid residue at 
position 12. has been enclosed by Ullah to be glycine. We have consistently found using protein and ONA 
sequencing techmques. that this residue is not a glycine but is m fact a cysteine (see Figures 8 and 8). 

Finally UHah discloses that phytase is an 85 kOa protein, with a molecular weight after deglycosyiation 
of 61 7 kOa (Ullah 1988b). This number, which la much lower than the earlier reported 78 kOa protein 
(Ullah' A. and Gibson. D. (1988) Prep. Blochem. 17(1) . «M1> was based on the reWlve amount of 
carbohydrates released by hydrolysis, and the apparent molecular weight of the « ?" 
PAGE We have found, however, fat glycosylated phytase has a singfe apparent molecular weight of 85 
kDa. wnile the deglycoeyiated protein has an apparent molecular weight In the range of 49 • 56.5 koe. 
depending on the degree of deciycoeylatlcn. 

Mullaney et si . (Rlamentoua Fungi Conference. AprS. 1987. Pacific Grove. California (poster preeema- 
tion) also disclose the charactariatton of phytase from A. flcuum . However, this report also contains 
mention of two protein bands on SOS-PAGE, one of 85 kOa. anb r one of 100 kDa, which were pef»nt in the 
•purified* prctein preparation. These protein bands are both identified by the authors as being forme of 
phytase A method for transforming microbial hosts is proposed but has not been reported. The cloning 
and isolation of the DNA sequence encoding phytase has not been described. . _ . 

ft will be eppreciated that an economical procedure far the production of phytase will be of significant 
oeneflt to. inter alia, the animal feed industry. One method of producing a more economical phytase would 
tse to use recombinant ONA issues to raise expression levels e< tr^ 

k^nTp^rS tot* of express peptide, or proteme. To oaf. however, the ieoWon and c«nmg 
of the ONA sequence encoding phytase activity has not been published. 



Summary of the Invention 



r>, e ,nventJon provides a purified and isolated DNA sequence coding for phytaae. The isolation 

sno cloning of this phytase encoding DNA sequence has been achieved via the use. * »peo«c 
"gUdeoSde probe. Si -ere developed eepe«Ay lor the present Irrvnflon 
quencu encoolng pnytases are obta*able <rom fungal sources, espeoaay filamentous fungi of the genus 

TTSother object of the present invention to provide a vector containing an •^•t^truct wnteh 
turtne/ccma*. at least on. copy of at >eaa, one. p~fen*ly ^^^^^^T^ 
operabty linked to an appropriate regulatory region capable of directing the high level expression or 

peptides or proteins having phytase activity in a suitable express** host 0fB4 . rabJv . 

The expression construct provided by the present invention may be inserted *to s vector, preferably a 
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olasmid which is capable of transforming a microbial host call ana integrating .mo ttie genome. 

it is a furtrar ob,ect of the sresent invention tc provide a transformam. preferably, a mierooal host 
„r,,ch h.« own informed by a vector u descrlbefl * the pr.cad.ng par.gr.pn. Th. transformed host, 
provided by the eraser* inverton are filamentous lung, of the genera Aspergillus , Trchoderma . Mucor 
5 a.Td Psnteilfium veaau of the genera Kluyveromycaa and Sareharorrycae or bacteria of the genus Jagg 
Es pecially pre ferred expression hosts are filamentous turgi of !he genus Aspergillus . The frarafarmed 
hosts are capable cf produang high levels of recombinant phytasa on an economical. .ndustrlal acaJe. 

in omer aspects, the Invention is directed to recomWnam peptdee an) proteina having phy we acUvrty 
In tfyeosyieted or unglycesylaJed form: to a method tor the production of said ungryceeylated oepCdes and 
3 proteins; to peptides and proteins having phytase activity which an free of impurities; and to monoclonal 
antibodies reactive wrth these recombinant or purified protems. 

A companscn of the biochemical parameters of the purified wifc-type A. taum phytase as obtained by 
Uliah against the further purtfled wllcHype A, flcuum phytase. obtained via the present irwentkxt. » (bund in 
Table 1 below Of particular note is the speclFactlvity data wherein M is shown that the punlied protein 
„ which we have obtained has twice the specific activity of that which was pubf ahed by U«ah, 

The present invention further provieea nucleotide sequences encoding proteins exMbrlng phytase 
activity as we« as am.no add sequences of these proteina. The secuences provided may be used » 
(lesion oligonucleotide probes which may In turn be used in hybridization screening studes for the 
identification of phytase genes from other species, espedalry microbial species, which may be subse- 

3D auently solated and doned. ^ . . . _ 

The sequences provided by the present Inventix. may also be used as starting materials or the 
construction of "second generation- phyta.ee. Second generrton- 

mutagenesis techniques (e.g. lita-directed mutageneaia). which have properties that differ from tnose of 
wiidlype phytase. or recombinant phytaaee such as those produced by the pre^nv^^«ar^ 
„ ternperature or pH optimum, specific activity or substrate affinity may be altered ao as to be better 
suited for application in a defined process. 

Within the context of the present Invention, the term phrase embraces a family ^ of er^mss when 
catalyze reactions Involving the removal of Inorganic phoaprwrous from variouemyo^lof^^ 
Phytase activity may be measured via a number of assays, the croce of wWdv la net critical to Je 
* presem^ntlon. For purpose, of illusion, phytase acWty may ^J*^^™™* *? 
amount of enzyme which liberates Inorganic prwaphorous from 1.5 mM sodium phytate at the rate of 1 
amot/min at 37* C and at pM 5.30. iAjji .. fdinn mm ^ A 

It should be noted that me lent, -phytase- as recited »roughout the text of mis 
to encompass all peptides and proteins having phytase activity. TO, , pant « ufluatratod 
'T)mpares*5eqoencea A and B (sequences which have been obtained during the course of the 
with sequence C (pubtohed by Ullah. 1988b). The figure demotes t« P^™'*"*^^ 
the present invention which tack the first four amino acide (fee protein ^^^^^J^T 
amino adds) of the mature A. tawm Phytase protein. Th.«e «^^^^^ M *^2 
complete amino add wr«oTthe pnytese ore** » 1«ueed from the corresponding nucleotide 

"'■p^^^v^pre^nt .ration may be apo*ad to a variety of oroce«e. wh.eh require the 

of micrctiaWam in order to allow its economy app«cation * «umal teed ^icf^^^'^ 
ar in vive price/perforrranee ratio competitive w,th ronjarlc phosphate. As a further benefit the pnes- 
phonVcoment of manure will be conslderabry decreased. . 

it wi,l be appredred that the eppilcatJon of ohyo»s. at a pr.ee <"^«£"*£ 

3hosohate wiD increase the degrees of freedom tor th. compound feed ^ustry to produce ah*, qualrty 
S^t^jni teed Ms suop*men«d -th onyaae. the adcibon of inorganic phosohM ma, be 
crr,m»d arc the corrtena of various materia* conu^nc P«yt«» may <» 

T*M*on to use in an.mal feeos and soy process^ « aisctssed above, the pnytase obtained v« the 
-resent invention may iso Da used In divarae .ndustrlal apdicattora sucfi as: 

S 3T> and poultry. It hi, become common practice to so«K h»d for several hours p nor to 
faX SnTthTp^^h^m. w«. be able to convert phyuue » inceitoUnd inorganic phosphate; 
- an industrial process for the production of Inositol or incenoi^haia* from P^tate; 
. other indus^al prxesse. u^ng substrste. that contain phytt» such "'^^'^L^ 
fermentation industry such a. the brewing industry. Chelation ol ^etal «sby pny«* 
ninerala to be unavailable for the production micrcorganlsms. Enr/mabc hydrolysis of phytata pmvents 
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these problems. . ^ 

These and other objects end advantage* of the present invention wilt become apparent from the 

following detailed oescnptton. 

Brief description of the Rgures 



Figure 1 . 

,c A. N-termlnal anino acid sequences as determined for purifleo phytase. The amino aod sequences 
labeled A and S are provided oy the present invention, ana originate from the ohytase subforms with 
isoelectric points ot 5.2 »nd 5.4. respectively. Sequence C is cited Irom Utlah (1987. 198*. supra). 
The amino acid residue located at position 12 of sequences A and 3 has been determined by the 
present invention not to be a glycine residue, r denotes no unambigous identification. " denotes no 

i« residue detected.] .. 
8 N-terminal ammo acid sequences ot CNBr-cleavad inlBrnal phytase fragments. The ammo and 
sequences labeled A and B (apparent molecular weight approximately 2.5 kOa and 38 kOa peptldea. 
respectively) are provided by the present Invention. Sequencee C through E are cited from UUan 



20 



as 



to 



sc 



It 



(1968b, supra). 

C. N-termtnal amino acid sequence of a 100 kOa protein which has been found by the present 
invention to be present in crude phytase samples. 

'(^nucleotide probes designed on basis of the data from Fg ure 1 A. peptides A through E. 
8 Oligonucleotide probes designed on the basis of the data from Figure 1 8. peptides A end B. 
Faurea Oligonucleotide probes used for the isolation of *e gene encedlr^ fte add^jrwpfiattae. 
Figure 4. Restriction map of baeterfcchage lambda AF201 containing the phytase locus of A. ton . 
The arrow indicates the position of *• phyttse gene and the direction of tranecription. Clone # shows 
the subcionee derived with indicated restriction ensymee from phage AF201 in pAN 6-1 (for pAF 28>i) 

ano In pU(M9 (tor all other subdones). , ^ ^ 

Figure S. Physical map of pAF 1-1. The 10 ko Bam HI fragment inserted m pUCl9. contains the entire 
gene encoding acid phosphatase from A. fjcuum . 

Fgure 9. Compilation of the nucleotide sequences of plaamids pAF 2-3, pAF 2* and pAF 2-7 
encompassing the chromceomal phytase gene locus. The phytase coding region 
nucleotide postion 210 to position 1713; an intron is present In the chromosomal gene from nucleotide 
position 254 to position 358. Relevant features such as restriction sites, the phytase start and step 
codorts. and the Intron position tre indicated. 

figure 7. Dot* led physical map of the sequenced phytase chromosomal locus; the arrows indicate ttie 
location of the two axons of the phytase coding region. 

Raure 8 Nucleotide sequence of the translated region of the phytase cDNA fragment and the derived 
JZo add sequence of the phytase pro**: the start of the mature phvtase protein* »Md la. 
poerten *1 The ammo-terminue of the 38 kDa internal protein fragment le located at amino add 
position 241. whereas the 2.5 kO. protein fragment starts at amino add posrton 390. 
Figure Physical msp of the phyuse expression cassette pAF 2-28. Arrows indicate the erection of 

^^B^Te^oeoce of the cverexpreesion of phytase in an A. ffcuum NRRL 3138 wwsar- 
mant Equal volumes of culture supernatant of A. ftauum (lane 1) and transformant p* '2-2S I SP7 (lane 
2). grown under identical conditions, were ena*ie<r5^l*a»>System (Pharmede) lEF-PAGE gel In the 
C H-rance of 4*8. For comparison, s sample of A. flcuum phytase. purified to homogeneitr was .nciuded 
«»eresparateiy (lane or mixed with » «,iturTs«pematert (lane 3). The gets were erther r*r*d with 
! 7osS retain described in the text (A), or with s g*nerei protein stain (Coombs MUm Slue. 
B). The pnytase bands tre Indicated by an asterisk. 

figure 1V lEF-PAGE evWence »or the overexpression of ohytase in A. niger C ^ ^t^crmjts. 
5*1 volumes of culture supemeums d the A- nlgej parent ^ n J^ v ^^^^ 
2SM (lane 2) pFYT3 #205 (lane 3) 8 #282 flanTiT were analysed by lEF- PAGE as aescrtbed in tne 
S.«.T4 t O^he gde were Ltr-r stained by a general phosphat-e activity staui (A) or by a 

ceneral orotein stsn (B). Phytase bands are indicated by an asterisk. 

SS? SXiSl msp olpAB 8-t. The H.5 kb Hin dIU ONA ir-ert hi pUCl9 contains the entJre 
giucoamylase (AG) tocus from A. niger . 
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F,gure 13. A sciatic view «l *• 9*"<«»00 Of AG promow/phy** gen. 

ch* rwctk* <PCA). Th. sequences of ill ollgonucleold. pnmer. used are itfaM In the to* 

c;n,r* i4 Phvfticai mao of fre phytaee axprHsfon cassette pAr 2-25H. 

£ : %S X of coquet. ^ • f«^«5! «*XZZZZ 

cassette* pXXFru *nar*fl XX Indicates *e leader sequent «. * p,8 ^rl*^' 
STS. 18 aa and me 24 aa A<3 leader serene, are Inserted wrereas « pFYT#. me phyiu. feeder « 

used. 

Rgure 16. 0 hysical map of piatmid pFYT3AamdS. 
Figure 17. Physical rr.ap of pieemid pFYT31NT. 
fI* 18. Physical map of ine|»ytMe/A^ 

Raure is Autcradicgrapha of cfiromceomal DNA. oigesied wrth f*vu II (A) and Bam Ml (B) end 
w*^SS*ed A. ficuum pnytas* cONA at prebe of tr* microbial spaces ****** 
22?S1 ^ Z»ZKK L^tt Tcrysogenum (*» p 

C * a- §f? *?3e «B?-*£»»»«^' ! 

marker ONA. 

Oetailati Description of the Invention 

* ^ aw^hvi saiactod orotein* produced by a microorganiem can be achieved in 
cm* "J^"**^ of irJst sutaaqS determine of Hi N> 

vanoua ,ays. Onei ' * ~ ^ fc libftfy * „,„ ^^nw using a DNA 

T add «o»xi. ft*** of tha*cce*«U 
Zoning of *• N*V"*efJi. 9«* *»" ^^TT 

-cum gen. enccd* 

Using tnis procedure. "^^^St^irt several b fcSem** pawSeters have been 
data are given in Tabla t ♦ b#«ow. 



EP 0 420 368 A1 



Table 1 



R4aeh«niieaT paraaiefrg at aurlflad Vlld-tYPQ A. — fism» 
phvta.ee 



Specific activity* 
Purity: SOS-PAGS 
: IEF-PACS 
Ka (Affinity constant) 
Specificity for: 

Inositol-l-P 

Inositol-2-P 
pK optimum 
Temp, optimua (*C) 
MW (kDa)** 

KM (unglycosylated) ** 
Isoelectric Point*** 



pro.ant Invention 
100 U/mg protein 
89 koa 

3 or 4 bands 

250 MM 

not active 
Kb - 3.3BM 
2.5 and 5.5 
50 
85 

56.5 
9.0-5.4 



50 U/mg protein 
85 / 100 kDa 
not done 
40 iM 

not active 
5ft activity 
2.5 and 5.5 
58 

85 and 100 

61.7 

4.5 



* Phytase activity is measured by Ullah at 58 'C rather 

than at 37 *C. A unit of phytase activity is defined as that 
amount of enzyme which liberates inorganic phosphorus from 
1.5 mM sodium phytate at the rate of 1 jmol/Bin at 37 *C and 
at pH 5.50. To compare the fermentation yields and the 
specific activities, the activities disclosed by Ullah were 
corrected for the temperature difference. The correction is 
based on the difference in phytase activity measured at 37 'C 
and at S8'C as shown in Table ZZX of Ullah (1988b). 

*• Apparent Molecular Weight as determined by SDS-PACI. 



*** As determined by IEF-PAGE 

'n order *o .soiate tne gene encoding pnytase. a first set of aSgcr-ucteotide probes was designed 
acooraino :o the aeov*daicnbed metnoc (Fig. 2A). The design of these probes was based on the amro 
ac-d sequence era. As a control 'or the entire procedure, similar slep* were taken to isolate me gene 
encoding aod-pnospnaiase, thereby ueng tne prawn data published try U3ah and C ^™ M * ep - 
Bio-hem 17 . 397-422). Fox aad-phosphatase. the corresponding gene has been isolated without difficul- 
ties However, tor phytase. the situation appeared to be different Despite many attempts « which probes 
derived from the N-terminal amino add sequence were used, no genomic DMA fragments or clones from 
the genome library could be isolated wtilch could be positively identified to encompass the gene encoding 

^rTovereorr.e this problem, the purified phytase was subjected to CNBr<Srected cleavage and the 
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resulting protein foments were Rotated. The N-termlnal amino sad sequences * **** fragmentt were 

A and new oligonucleotide probe* were designed. *,*d or, the new data (FgJ 
SSr » oligonucleotide probes did identify spec* ONA ^^ents and .ere ^ to 
!SSgSU cton« from a genome library. No cros. hyon^on w* ob»^^^ ma 

nTSnes cr CNAhagmenu isolated there from, and the flat set of oUgonudeotode probes a the dones 

"*r^ZT£S:ZT»<»* m of may ,.o be used » «.ntfy thaccd*, W 

* Tn2£i- clone, were u*d a. probes In Northern btot .ybr.dte.-ons. ^^^J 
«ih/ be detected -tier the mflNA was isolated from pfiytase producing mycelium. When ANA from non- 
X ng ^m .a. attempt* no hybnd^on was found. The mRKA 

r^Br^gTe^^ntd therefrom, concur the amino «d ^^ ^c^^c^ce 
2* w«T.rmined for the c^ned gene. The ^J»J^Z^TJ^^T 
secuence are grven In Rgures 8 and 8. and further •lustra* the cloned sequence encoding P"£«* . 

rTle^aVof the select* sequence encoding phyt.se enables the economic* ^**»J* 
pny^st on t industn- sea*, via th. rpp.fc.don of moderr m**m 0NAtoc*n que. - £• 
SS^on. the axchange of regulatory elements such a. promote, wcreton* a**., or comtir*. 

^tiy w present button also comprteee a t*n*orr»ee exprerton ho* c^of to 
exprST^Lu of peptide, or prosins having phyus. -c^^.^.^a^ 
Son of «ci phosphatase, a. well. E*pn**on hosts of <ntere« are ^^^"J*^ 
IHlW AsoonSki Tfichodarma , Mucor and Penldlluffi . yeasts Mtactad from the genera 

selected which ■» cacaWe o< the efhcleffi secretion o< the* oncogenous proteins. 

TpaSai -Sm ™ lndu«rU str-n. of Asperoll* . 4* ■ ^J^ZSB ' 

AJternrtveiy. Trtchoderma rees* . Mucor mjew7^**rnyces [arts . gccTSrcjnycw cewjsje . 

eartiiut subrils or Bacfltus Ictwtltbrmis may ba uaad. . ^ ..^ 

^Ss ^Wuct wilt compr t.. the nucfcctlde sequence, encoding the o^red^zym. pmdu« 

•JSttM dmd iwMMt »tqueoce » be expremd ^ b. o^.J^naiK^yj *g£ 
„ honotoooui or sutwantJaliy homologous wtth the signal sequanc. of a gene at the 
£T£c^?£s ISSSTu-d x feci.ltJhomc.ogcu. recombination. rVtrt*mora. -anal sewes 
25 hT^dXTto pro.de for .rnpro^s^x ? ^^^^^^ 
_ ^-e^w JL von Htvnt M933) Eur. J. Biocftam. 133 , 17-21; and Parfman «no nawanon w; 
^JSTST ' »1^.^C^iq>-nc. T«ol^-tS. sfgna. sequence mey be join« ld^c«y 
me processing *gn* <c*avac, recc^nWon .«.) to ». .«,««• «od»9 
« the desired protein, or through a short bridge, usually fewer than £ „ ^ 

Pr«tamd aecretlonai signal sequence, to be used within the scope of ma presera inv *™°" " 

'"TJ 090 ^!. 9 STThSSi defined « ONA orlg.nrtng from the -me genu.. For example. 
SiiTof the fungal genu, without nSodudnTnew proper^, which were not pretem in tm ganu. 

' ''^Hetercogous- ONA is defined as ONA orlgln^ng from more wm ™J££f ^ 
exam^e? in th. preced^ pragraph. ONA onglnrtng from a genu, oth* tm • 
then expressed in Aepergilius . 
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Nucleotide sequences encoding phytase activity ere preferably obtained from • fungal source. More 
oreferred ere phytase encoding nuc*otide sequences obtained from the genus Aspergillus . Most preierred 
$equences are obtained from me species Aspergillus ficuum or Aspergillus njgsr . 

The region 5 to th« open reading frame in me nucleotide sequence of interest wW comprise ihe 
trarscrptionel initiation reguietory region (or promoter). Any region functional in tne host may be employed, 
including me promoter which is homoiogous to the phytase-enecdmg nucleotide sequence to be expressed. 
However for the most part, the region which « employed will be homologous with the region of 9* target 
locus. This nas the effect of substituting the expression product of the target toeue with the expression 
product of interest To the extent that the 'ewet of expression and secretion of the target locus encoded 
protein provides for efficient production, this transcnption initiation regulatory region will normally be teund 
to be satisfactory. However, in some instances, one may wish a higher level of trwscrlptior than me target 
Iccus gene or one may wish to have .nducible expression employing a particular inducing agent, in those 
irstances. a transcriptional initiation regulatory region will be employed which is different from the region In 
the target locus gene. A large number of transcriptional initiation regulatory regions are known whJch are 
functional in filamentous fungi. These regions include those from genes encoding glucoamytese (AO), 
fungal amylase, add phosphate se. GAPOH. Trp C, Amd S. Ate A. AW A. hlstone M2A, Pyr 4, Pyr Q, 
isopeniciilin N synthetase. PQK. ac:d protease, acyt transferase, and the like. 

The target locus will preferably encode a nighly expressed protein gene, i e.. a gene whose expression 
product is expressed to a concentration of at least about 0.1 g/1 at the end of the fermentation process. The 
duration of this process may vary inter alia on the protein product cesired. As sr. example of such a gene, 
the gene encoding glucoamyiase <A^ .illustrative. Other genes of interest kicljde fungal .-amylase, acid 
phosphatase, protease, acid protease. lipase, phytase and ceiiobiohydroiase. Especially preferred target tod 
are the giuccemylase gene of A . niger , the fungal amylase gene of A . orya- . the celtebichydrolese 
gsnes of T . roesei , the sod proteajTsene of Mucor miehel , Ihe lactase gsTeoT lOuyveromyces larts or 
the mvertase gene of Saccharomyces cerevisiae . 

The transcriptional termination regulatory region may be from the gene of Interest, the target locus, or 
any other convenient sequence. Where the construct includes further sequences of Interest dowrwraarn (,n 
the direction of transcnption) from the gene of interest the transcriptional termination reguietory i*g»n. if 
homologous with the target locus, should be substantially smaller than the hornologoue Hanking regm 

A selection marker Is usually employed, which may be part of the expression construct o» separate 
from me expression construct, so that it may integrate at a site different from the gene of irrterest Since the 
recombinant molecules of the invention are preferably transformed to a host strain ihatcan be usedfor 
industnal production, selection markers to monitor the transformation are preferably dominant selection 
markers i.e. no mutations have to be introduced into ihe host strain to be able to use these seieeton 
markers Exampiee of these are markers that enable trantformants to grow on defined nutrient sources (e.g. 
the A nidulans amd 8 gene enables A. niger transfdrmants to grow on acetamide as ihe sole nerogen 
source) oTmaTkeraTw confer resistarKTwaniblocics (e. g.. the We gene confers reswtsnce to phleomyen 
or the hon gene confers resistance to hygremydn B). 

Theselection gene w« have its own transcriptional and translations! initiation and termmatcn regulatory 
regions to allow lor independent expression of the marker. A large number of ^^pttor^jrrfabon 
reoulatory regwne ere Known ae described previously and may be used in conjunction wrth ine marker 
cone. Where artbicec resistance la employed, the concentraSon of the antibiotic tor se«caon «<■ vary 
daoending upon the intttxotlc generally ranging from about X to 300 u.^m\ of If* tntltxottc 

The vartoua sequences may be joined In accoroance with known techniques, such, as restriction, joining 
complernemary rettteSon sites and Igatmg. blunt enolng oy fining in overhangs and blunt "B^Bal* 
resection, primer repair, in vitro mutagenesis, cr the like. Po.yflnkers end adapters may be employed when 
appropriate, and introduced or removed by known tecnrjques to allow for ease of assembly of Jie 
express** construct. At each stage of the synthesis of the construct the fragment may be ctonso. 
ar,awzeo by restnction enryme. sequencing or nyonaiaeon. or the like. A large number of vectors are 
available 'or cloning and the particular choice is not critical to ime invention. NormaJty. ctoning win occur in 

- ~% 9 fiantar* rtgions may include at least part of the open reading trame of the target locus. P«*utarly 
*e eigne, sequence, fte regulatory regions 5 and 3 ol the gene of the target locus, or "*V™* J** 0 * 
Z SJS regions. Normally, a flanking region will be at *«i 100 bp. usually at least >» 
be 500 bp7r more. The flarSdng region, re selected, so a. to aarupt the Ms^rti P*vant« 
expression. This can be achieved by Inserting the expression cassette (comprising the «x*Mm-«» 
to be expressed and optionally Including additional element, such aa a signal sequence, a tro^onai 
initiation regulatory region sequence and/or a transcriptional termination regulatory region sequence) Into 
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:;2,;?iCc^' *-« * » « — ■** t*-**^™** ,ntroducad 

is encoded by the transforming ONA. ini^m* ^ ^termined in a variety of 

detect ttw presence of ^ irtwattd gr» or «» trw«rtp«^ pro«tt 

ike Ueuafy. *• conwntrrton wiH be in *>• '«no» * •** 

be inac«Mfd m order tt avoid or * ** ^J^*, t9im ^w. the nutrient 

The frweiorrwt* may Do grown in either baton or eomlnuoue rermemanon '•«•**»• 

medium k ieototed and the desired product «^««*- ^ „ cvo^ography (a. 

« Various rneftods for purifying *e product * Mn ^^^^^JT m 
g.. HPLO, ac4vwt-eorvent extraction, etectrcpnore«. comtt^on. w** or the»»^ 

The present invention aleo orovidM . m> jpraejjj a*u*» * 
(optionally purified) la flitted, followed by a aecend ^^^"J" *** 
concentrated. The thu«biained «*id ™> * 2££a*m by .doing acetone to a 

,0 a) Phyiase and other prota.r* may oe prectp-taad from W **w «*™^ h , ^ um ^"c. 
final volume ot 60% (v/v) under ccrmnuoue tuning, me pr«api™» » m ue*ion exoer 
Altar J**n, IM «y (OTMC. W ««y™ P™" «•» M " ■»»"»"—" 

.res— W^^^-^-*^' — - 
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such as benaoic acid may be added » prevent mlcroDtal contamination. 

All four formulations may be Mid to premlx manufacturers, compound feed induatnes. other distributors 

'^TCexerrtfes herein are given by way of illustration and are * no way intended to limit the scope of 
tie present invention. * will oe obvious to Hose sidled in the art that the phytaae gene of the irvenwn can 
oe used in heterologous hyondijatlon experiments, directed to the isolation of phytaae encoding genes from 
other micro-organisms. 

Example 1 



Fermentation of A. ficuum NRRl 313S 

Aspergillus ficuum strain NRRL 3136 was obtained from the Northern Region Research Lab. USDA. 
laisKur^eWStreet, Pacria, llllnola. USA. Fungal spore prepare*** were made following standard 

t6C 1S« and subsequent* cells ware transferred through . series of batch ^enbitJona in Erienmeyer 
to .laakaTa U 1 fJr^tor. After grow* in batch culture, the contents of this ferment* were used as 

^Z^^T^TTT^ (BOH C*em** Ltd.,: 38 gd gH«C3e*0: 0.6 gl 
M g8o! .£S. oi * SEt* IMWM and 12 g/i KNOa. The P H wa, rneinttned at 4J -. 04 by 

automatic titration with either 4N NaOH or 4N H,SO«. . .. 

* ceils were grown at 28' C at an automatical controlled dissolved oxygen concerrtration of 25% atr 
saturation. Phytase production reached a meximum level of 5-10 UM art* 10 days of ferment*.*. 

Example 2 



Purification and cha/acterttatlon of A. ficuum phytaae 

St v 

A. Phytase activity assay 

1 00 ul of broth filtrate (diluted when necessary) cr supernatant or 100 ui of demiwater as reference are 
added to an incubation mixture having the foaowing eompoattjort 
« • 0.28 M tedium acetate buffer pH 16. or 
• glycine HClAuffer pH 2.8 
■ tmM phytc acid, sodium ta* 

" "^Tls^rS^ Is inched for 30 minutes at 37* C. The reaction • Mopped by t**^*! 
, „. ^oTtS ftStooacette add). After the reaction h« termineted. 2 ml of reagent (3.68 g of 
£s£ • ^oTw^^Ool J ^^a» sofcrfen (2.5 g <N».M»0»-4H.O .no 8 m, 

di 'tS of' J brSTi SSSd .pectro-photom^ at 750 nm. The me^rem. . are 
<n»ZL7£Sm TpW** — - ration to a calibration crv of pnoapt-t. >n the rang. 

so ot 0 • t mMot/1. 



Phoaphataae stain 



ss 



CflmMflMI ^ Dhosoataae activity were detected by isoelectric focusing using • J**** 
'^•^ 15. J^TEubated with a solution of o-naprrthylphosohata and Fast 9mm GBCsaJ 

the appearance of a black precipitate, was either terminated with methanol.acetjc acid peno *. wv,. or, 



SP 0 420 368 A1 



thou* the protein having pnytase activity be further required, by rinsing with distilled waier. 

B, Purification of A. flcuum phyla— 

Phytase was purtflad to homogeneity from the culture broth of A ficuum NRRL 3135. The broth was 
first maoa germ-free by filtration. The resulting culture filtrate was sub sequent* further concentrated in a 
Flitrcn ultrafiltration unit wtth 30 KO cutoff filters. The pH and ionic strength of tm sample were ad|usted for 
the purification procedure by washing the sample with 10 mM sodium acetate buffer pH 4.3. The fine! 
concentration m this ultrafiltration procedure was approximately 20 told. 

The samp* was then appled to a cation exchanger (S-Sepharose Fast-Flow in a MR 18/10 20 ml 
column, both obtained from Pharmacia) tn a Waters Preparative 850 Advanced Protein Purification System. 
The proteins bound ware eluted with a sodium chloride gradient from 0-1 M In the sodum acetate buffer. 
=hytase eluted at aporoximatery 250 mM Nad. Phytase activity containing fractions were pooled, con- 
cemrated and desalted by ultrafiltration. The resulting solution was applied to an anion exchanger (O- 
Sepharote Fast-Flow In a HR 16/10 20 ml column, Pharmacia), and the proteins were again eluted by a 
sodium cnloride gradent from 0-1 M in the acetate buffer described above. Phytase was eluted from this 
column at approximately 200 mM NaCt. 

The result of these purification steps Is a partially purified phytase preparation with a specific activity of 
approximate^ 40-50 UVmg protein, indicating a 254oU purification. 

Analysis of the purity of the partially purified phytase Indicated the presence of a major impurity with a 
molecular weight of approximately 100 kOa (FTg. 16, sequence £). Isoeledrfc focusing indicated the 
presence of a number of phosphatase activity containing enzymes, indudtog W phytase su Worms 
Isoelectric points varying from 5.0-5.4) (Rg 1A, sequences A and B). 

in oroer to obtain a homogeneous phytase preparation, a further two-told purification was achieved by a 
subsequent separation of the components of *e partially puttied phytase by isoelectric focusing in a 1KB 
MuWphor system on Amphoime PAG plates (pH range 4^.5). The proteins with phosphatase activity 
(including the phytase) were detected by the general phosphatase staining procedure described above. The 
bande of interest were subsequently excised from me gel and the active protein was etuted by a 18 hr 
incubation of the gel sices in 10 mM sodium acetate buffer 5.5. The protein sections were analysed In the 
specific phytase activity assay, as described in Example I thus dfccrtminating the phytase fractions from 
ether acid phosphatases. The final purification factor for phytase was approximate^ 60 fold (speofic activity 
3f final prepartfon 100 U/mg protein). In this final purification step it was also possible to isoiaie different 
subforms of phytase (Rg. tA, sequences A and 6). 

Monoclonal antibodies directed against me A. flcuum phytase were prepared, providing an effective 
purification procedure. Trie antibody was coupieJto cyanogen bromfce-ectivated Sepharose 48 (5 mg/mi 
eel), and this matrix wee used in a immunosffinrty coiumn. The matrix was shown to bind approximately 1 
mg pnytase per ml The phytase could be eluted from the affinity column with a pH IS buffer (100 mM 
giycine-HO, 500 mM fteCl) without any loss of actrvtty. This procedure can be used to isolate homo- 
geneous phytase from a crude culture ffltrate m one single step with an 80% recovery and a 60-fold 
purification. 

C. Degfycosytaflon of phytase 

A. flcuum phytase (70 ug protein) was incubated with 2.5 U N-Glycanase (Qeniyme) in 0-2 M socfum 
phos^KSebuffer pH 8.8 and 10 mM l,tr>phenamhro!'ne in a total volume of 30 uL 

After 16 r*% st 37* C, the extent of deglycoeylaflon was checked by electrophoresis (Phast System. 
Pharmacia). The aoparent molecular weight of the phytase was fouixl to decrease from 85 kOa to 
approximately 56.5 kOa. The periodic acid 9chiff (PAS) sugar staining, which identifies native phytase as a 
glycoprotein tailed to detect any residua) carbohydrates attached to the protein. The complete removal of 
carbohydrate was further substantiated by the sensitive lectirvbictting method. Native and deglycosylated 
phytase (both 1 5 ug) were run on a standard SDS-PAG6 gel and eiectrophcreticalry transferred to a PVOF 
membrane Ommcbilon. Milipore) * 25 mM TRJS-grydne buffer pH 8.3, 20% (ufr) methancl, for a period of 
i8hrsat30V. . 

The membrane was subsequently incubated with 1% (w/v) bovine serum atoumm In phospate buffered 
saline and incubated with concanavalin A-peroxidase (Sigma, 10 ug*>l in phosphate buffered saJ.ne). The 
peroxidase was then stained with 4-chloro-l-naphthol (Sigma). 
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This sensrive method also Wed to detect any residual carbohydra* attached to the oeglyccsyiated 

^Afte'r degtywsyiatlon. pnytaee nta completely lest Ns activity, possfely due to aggregation of the 

sruyme, 

Sxemple3 



n^gm^v. the amino acid sequence <* pnytaae »nd design of oigorucieotlde probes 

A. Determination of the N-termtnal ammo add sequencs 

Phvtase ww eieetropnorettcally transferred from SOS-PAGE or from IEF-PAGE onto a PVOF blotting 

crooanesulfonic acid) buffer pH n.0, with 10% (v/v) methanol tor a period of t6 hrs. at 30V and 4 C. 
P ^ «• located Coomaee* BnUiaurt Bh» stamina, interestwaa iaM 

further obtained in methanol and subjected to gas-phase sequencing. The procedure has been «rnedout 
»Ce. toes, using several indrvkJu- preparation* The result, obtaned are g.van ,n Rgure 1 A (sequences 

A famine acid sequence has also been determined for a 100 kDa protein that was present in crude • 
precautions. The data obtained for this protein are given m Figure 1C This "Q"^ ^^25 
SSS acid Phosphatase that n» been .sotted from Asperytius nicer (Macflae et a. . (1988) 

Gene 71 . 339-348). 



90 



B Determination of internal amino acid sequences 



Protein fragmentation by cyanogen bromide 



Phytase purified to homogeneity, was transferred into 100 mM *HC0, by <ri»»"" 
* { JSSLJZc^m 30^Z* The pro»,n wa, ~^^^^^' N ^' 
Uuoroacetic acid (vA* and incubated for 6 hr with an approximately 30tMold molsrexcess of CNBr. The 
r^SoTwi mLlL by diMton of the mixture with water. The resulting 
voonTzed The sample wu then dissolved m S03-PAGE sample buffer contain^ OTT (JtNothrertol). and 
Vr^'rt lZZrton ** determined by PAGE A^ticaJ PAGE wee performed 
- P**5vstsm urit on 20% SOS-PAGE gels. Tr* gets were prenjn to create a continuous fcrfersystem to 
m^Ce se^sraflon of the emel pe0ces (according to the manual). Peptides were detected using a 
S-^^c^WTln ttTaTsrce Coomassie BrfHIart Blue failed to detect the smallest 
p!^ce^re^^^ue was a compW degrade** of ohytas. into peptides with modular 

« ^^^^for^ 

r98» aupTS *• exception of the first four amr» actt whtoh an, absent (Bgure lA. swuence 81 
K'JXS ZOO* of *. ZS ,0. and 36 tt. oeptldee re shown in Hgur. IB as sequence, A and 

50 8. 



C. OHgorucitottdt probe* 

„ " OHgcnudeotW probes have beer designed, base* on the ^™ ^^svn^J^eM 
and if. and were prepared using an Applied Hosystema ABS 380B ONA synthesizer. These 
oligonucleotides are gfven to Figure 2A and 2B. 
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Hytndiation of genomic Plots and genomic libraries with a lint set of oligonucleotide crobes 

Genomic DNA from A. fleuum has been isolated by grinding the mycelum in Ikjud nitrogen, using 
standard procedure* <e.g~YeloF*t al (1884) Proc. Natl. Acad. ScL-USA. 1470-1 474). A genomic library 
w„ ccrwwed in the becteriophlge vector *mbde EM8L3, ueing a jj£ ftoum 
NRRl 3136 chromosomal ONA. according to standard techniques (e.g. MwatlT et al . (1982) Oojecular 
c:oning a laboratory manual . Cold Spring Harbor Laboratory, New York). The »>u*obteined genome library 
Sa 80 to 70 m™ th e A. ficuum genome. The library wu checked lor the occurrence of plaque* 
without insert Dy hybridization wwTOTkmbda EMBL3 stuffer fragment Less than 1% of the pleqtee were 
ctoservedtor~o.^2etomeiarT*«daEMBlJr^-^'n^* a ^ 13B,7to - ., 

To idenufy conditions and probes that were suited for the screening of the genomic Ibrsry, genome 
0NA was digested with several restriction eraymee. separated on agarose gets and blotted onto 
Genescreen pus using the manufacturers Instructions. The blots were hybrkted with all oligonudeotWe 
orobee. Hybridization was performed uslngs condWons of varying stringency (6 x SSC. 40 to 80 C for the 
h^Mn up to 0.2 x SSC. «' C for me waehing). mm 1088 and 1024 (Rgure 2A) wens selected ifor 
trie screening of me genomic library, although no common ONA fragments could be -dentifled that 
hybrid.** specifically with both probea. Ad<H>hcspnetase probe 1023 (Pgure 3) gave -V"*-* 
discrete hybrdatton signal and hence this probe was selected for screening the gencrroc horary for the 

**&ZSZ!%tm. hybridizing p*ues could be WentKled in "V^^^^** 
s.gna! cerr.spor.dlng to probe 1028 (add phosphatase) was strong and reproducible, "l^djatlor i»gnds 
of variable Sowers observed using probes 1024 end 1088 (phytase). No cross hybnd^lor .between 
the two senee was observed. All three series of plaques were rescreened and ONA was isolated from «gM 
ingle, pesrtive nybndumg piaquea (Mania*, et a) .. supra). In each series, denes t^J^ned .dentiori 
, y £ci£g fronts could be identified, indicating that the Inserts o> said clor*sare retted probabj, 
overlap *e same genomic ONA region. Again, no cross^ybrtoladon could be demonstrated using the two 
Swase specific series (probes 1024 and 1088). indteatmg that although both probes used to sea* me 
S^arieTof clones were obtained from the MermmaJ ammo add sequence of the protein, different 

oenomic ONA fragments had been identified and cloned. 

Ail three series of clones were hybridized wtth Northern blots containing mRNA isoialed from induced 
and no***xed mycelum (Example 8). The add pr*sphatase*pecif»e elm - well as 
Sen* 3.1 Kb 341 fragment from these done.. hybrid** exc^vely to *™ »™f* £ 

mRNA identified by the add phoephat-e-apeciflc probes is ««<«»-• ^SL ? Z 
known size of (he protein (88 kDt, W* and Cummins (1987) Prep. Btochern. 17 . W-42Z).*> 
SzSon of *e ohy^pedfte clones with specrfic mflNA's could be dsmonstrated. we have thus 
conducted that the alwe-desolbed method was unsuccessful In cloning the gene encoding i*yiase. ft may 
be further concluded that this failure Is not due to s failure in the method used, since fto method has been 
!w»s«^aoplled to identify^ *? 90/1 

5£SuZe gen. M deposited on April 24. -989 st the Cenwd Buwauvocr Scrpmmetolturea. Baarr. 
ThTNeZlMrand has Wass^ned acceeslor, number CBS 214.89. A 10 kb Bern HI fragment! as 
, been isolated from phage Zl and subclone* into P UC19. TM. 

acid phosphatase. The subclone. pAP 1-1 (Figure 3) was deposited on April 24. 1989 aa CBS 213.89. 



Examples 
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i solation of the gene encoding phytase. using a second set ot oligonucleotide probes 

„ Probes have been deskjn* using the N-.errr.lnal amino ^ ^^^^^ 

(Rgure 2B. probes 1295. 1298 and 1297) and have been hybndlxed wtth genom* ONA u describee I abovr 
The MiiMto of using these probes m the isolation of the gene encoding phytase was again studied bv 
%S>TS£2* gene*; blot, wtth the probe* Thl. M ^ng fragrnent, of corr.spcnd.ng 
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lencths could be Identified, using Hi three probe*, desp.re the fact Hut the probes htve been derived from 
norxveriapcmg radons. No hybridization was found between the new set of probes and the oones that 
*avs Been isolated using me first set af probes (Examole 4). Therefore, the genomic ibrsry was rescreened 
•'sra all ttvM prooes ir separate sxoenments. A subset of the clows (lamcda AF201, 219. 241 and 243) 

s isolated witti each individual prooe also hybridized with both other probes, incicttng that in this case, using 
the *ree flitters* probes, clones were isolated from a single geromic region. Attempts were made to 
hvondize the newly isolated Cones with probes 1024 and 106a in both cases, no hybridization with the 
newtv Isciated clones was observed under conditions in which both probes had successfully hybridized to 
the elones wneh were isolated using these probes (see Example 4). Th.s o^rnonstrates that ths newly 

to isolated denes have no homology to ihe prooes derived from the N-terminua of the purified phytase. 

A lambda 5MBL3<icne, which hybridizes to all three probes (1286-1297). »as named lambda AF201 
(Poure 4) end was cepossted on March 9. 1989 as CBS 15S.89. 

A 5 t kb Bam HI fragment of lambda AF201 (subctoned in PUC19 and designated oAF 2-3. see Figure 
4) hybricizingloall three oligonucleotide probes, was used to probe a Northern bio*, in this ease, a discrete 

» mRNA hav.no a size of 1 800 bases was identified. This mRNA was found only m induced mycelium. Similar 
results were obtained when the oligonucleotides were used as probes. Therefore, using the new set of 
probes, a common DMA fragment has been Identified, which hybridizes speofcaliy to an induced mRNA. 
THmati of this mRNA (1800 d) is sufficient to encode a protein of about 80 kCa. which .s about *e s*e 
cf ttie ncn-giycosyiated protein. Clearly, the isolated fragments contain at least part of the gene encod.no, 

» phytase. 



Example 8 



isolation cf 'induced' and •non-Induced' mRNA 

N is <nown from the Manure that the synthesis of phytase by Atoum is subject to a st^ent 
» ohosohate^Jependent region (Ha* and Caliagher (1987) J. IndusOrfcW 1. 29 ^ 1 j-J h ^ £ 
Oemonstralcn that an isolated gen. is subject to a similar regulation can be considered to support the 
evidence that the gene of interest has been clored . 

iri Moroer to folate mRNA thai ha. been synthesized urder both produce* and ncivproduang 
conditions. A fteuum NRRL 3138 was grown « follows. Spores were first growr. ^J?'"™*^ 
x -n^um. The" *Sni.y, the mycelum «. revested, washed with " 

Educing or non-inducing medium. The medium used contains (per Iter): 20 g «xn«arch; 7.8 i g glucose^ 
a s a MoSCV7 HaC- 02 g PeSC'T H,0: and 72 g KNOi. For the induction sf cnytaje. up to 2 cyt com 
steep %S was attd tt M medium, w*le r«*c*ucing medium contain. 2 gl KjHPO*. The mycelum 
wTgX «b?at least a further 100 hours. Samples were taken at selected ln*vefi Phytase product.*, 
«, Z ErW b? the phytu. aa-y a. =*o*ed In Exam* * 
eiectroehoresls and Wotted onto (fcnesereen plus. The Wota were hybndsad wrth labelled pAF 2-3 or 
itS^Sdli toS I fragment from pAF M (add phosphatase) from Example 4. The results are 

*°t£XZ*zm** of the phytase specific 5.1 id} Sam HI frsgw** snd the add phc^ataw .p^c 
<s 3 1 kb Sat I fratrnem ***** mRNA Is observed only when ceils are grown under wndrtons which sr. 
wnown tTln^thVsynthe*. of phytase and acid phosphatases. From theee resufl. it has been conceded 
that the isolated genes are regulated as expected for phytase and acid ohesphatasee. 



so 
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Hybridisation of Northern blot* using the phytase- 
specific 5.1 kb fiajHX fragment (A) or the acid phosphatase 
specific 3.1Xb Sail fragment (B> as a probe; a + indicate* 
the presence of the 1800 b phytase mwa or the 1800 b acid 
phosphatase «*HA. The relative phytase activity wee 
determined for the 24 hr. aanplee: induced culture, have 10 
tines »ore phytase activity than non-inducsd cultures, 

Tiae after induced Hon- induced 
inoculation 

A 24 hours + 
B 24 hours ♦ 



Example 7 



Evicence tor tta cloning of fte phytaae gen* 




phieomytinftnl and JoOdWed *W» 0.75% «Q« *£8" 1 ,nd 2. *• cotHroii. truufomuntt 

con»Wno pAF 28-1 appear* to produce ****** ZJ^HL* couW b. lut* 
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Tabic 3 



Strain 


Phytase/ Activity 
U/ml 


% of pfcytaae-activity adsorbed 
onto the immunoaffinity column 


A. niger 402 


0.5 


0 


A. niQer 402 pAF 26-1 


07 


10 


A. niger 402 pAN H 


0.5 


0 



Strains were crown under induced conditions (Example 6). Samples were taken after 86 tours of growth. 



Example 8 



Characterization of trie phytase gene. 

The Lsmfcda donee containing the phytaae gene have been analyzed by digestion with various 
restriction envies. A map of the genomic region encompass** the phytase gene is grven in Figure 4. 
Oelined restrclon fra a menta have been subcloned in the doning vector pUCl9. as .ndeated tn figure 4. 

it has previously been shown {Example 3) Wat the S.I Kb Bam HI fragment present in pAF 2-3 
encompasses at least part of the phytase gens. Moreover the of^nudectMe prooes 1295 snd 1287 (figure 
28) were srwn to hybridize to the Sal I insert from pAF 2-7 (positions of pAF 2 clones are In 
Figure 4). while probe 1296 profcettyTpana the Sal l site between the fragments in pAF 2-8 ana pAF 2-7. 
The results of these experiments indcete thai the phytase encoding sequence is located to *e leflhand part 

of the Bam HI insert of pAF 2-3. ^ m ^ m _ 

Subseootmtly the nucleotide sequences of tne inserts of ptasmlds pAF 2-3. pAF 2-8. and pAF 2-7 have 
been determined completely using the dideoxy chain termination method (Sanger at at . (1977) Proc Natl. 
Acad Sci USA 74 . 5483-6487) and shotgun strategies described by Messing et ai (1981. Nud. Aods 
Res. 9 . 3C9-32lTln addition sped* wigonucleotldes were synthesized based on nucleotide sequence 

information attaJned during the sequencing procedure. 

The complete nucleotide sequence of clonea pAF 2-3. pAF 2-8, and pAF 2-7 encompassing the 
chromosomal phytase gene locus fa comprteo in Hgure 8. a graphic repreeerrtafJcn is given in Figure 7. 

Analysis of the protein coding capacity of the com pie* sequence revealed that the f+termina. amro 
acid sequence of the mature protein was encoded starling from nucleotide position 381 (the N^enmus 
disclosed by Ulleh is located at portion 368). Furthermore, the N-terminal amino add sequence of the 38 
KOa and ZS We internal peptide fragments (see Figure 18 - sequences B and A) were found tobe 
encoded at nucleotide posrOens 1101 and 1548. respectively. The open reading frame stops at nucleotide 
oosfton 1713. 

These findings dearly prove the identity of the characterized chromosomal locus ss contain** phytase 

encoding ONA sequence. _. „ AT - M . 

Oirectty upstresm of the chromosomal sequence encoding the mature phytase protein, no ATG start 
codon can be teund witr* the reading frame contiguous with the mature protein open reading frame: 
nowever, usmg mtran-exon boundary characteristics, an imron can be postulated between nucleotide 
-ositons 154 and 356, bring.ng tne ATQ codon st nucleotide position 210 In frame with the mature phytase 
»ncci.ng open reading frame. The derived amino sod sequence ol this terminal extension dosely fits the 
rules for a sec-etion signal sequence as published 5y von Heyne (1983. feur^ Btochem. 133 . ,7 - 21 )- 

t 0 confirm these hypotheses the phytase cONA wu Isolated by PCR-arnplificaton ^^jpeciflc 
phytase pnm srs and a total mRNA*DNA population as template according to tfie procedures descnbed 
below. 

isolation of poly A* RNA from Aspergillus ifcuum. 

Total RNA wee isolated from A. flcuum NRRL 3135 grown under Induced conditions as mentioned in 
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P^m. s Dry mvcedum was trczen witti liquid nitrogen and ground. Subsequently. *e powder was 
£££lLrZ S wESurii; (full speed during 1 minute) in 3M LiCI. 6M area at 0 C and mM* 
37 ?V C » de«n£Vy Ayftey 4 Rouge* (Eur.J.SIocnenv. 107 . 303-314.1980). ToW eeJuk* 
rnTwS o^ed centrlfugrton at at -6.00C a for 30 mlnutt and two 
IZoTcniSm-. .sc«ry«ico4. (50:4*2). The ANA waa precipitate rth ethane* and c^ed .n 1 nt 
S mM ? nTwtoH 7 4, 0 5% SOS. For ooly A selection the total RNA sample wa. heated for 5 mmutes 
* ' J^TJm " N.O and suAsec.smry applfcd to an ^W^r^A^NA 
wa£es , alo« coining 10 mM Trts-HC* pH 7.4. 0.3% 803 and 0.1 M N.CI *e pory A RNA 
was ccliscted by eiulion w,th 10 mM Trl*HCI pM 7.4 and 0.3% SDS. 



Preparation of the mRNA/cONA complex 

For*, synthesis of the tint cONA strand 3 ug of pory A* RNA was .dissolved fcv iU ul H.0 and At 

was incubated for 30 minutes at 37 C and the reaction was stopped byadr«on of 10 a! M ! M ^EDTA and 
MuTo" "traction was performed with chloroform and aflercentrtu g* «»0«" « MtMe and 
Zn a. .*arwl were successively added to the supernatant Precipitation of the oRNA/cDNA complex was 

S3f.7S-i. <* » ^TJTcT 0 *" - fcy car,ri ^ 0B, 

subsequently wuhed with 70% toehold ethanol and dissotved .n 20 ui H,0. 



Cloning of phytase cONA fragments 

^on of we cCNA-nccd*g phytase sequence* were performed **^^^ n, »^ 
0*4? <* fragments. Four rynthetle olgonucteottte primer, w*. dee«ned based on the genomic 

Ofigo 2: 5'-AQT.QAC.QAA.TTC.STQ.CTQ.6TG.GAaATQ.QTO.TW« 

CHigo 3: 5'-QAaCAC.CAA.3CT.QAAG<3A.TCC-3 

Oltoa 4: 5 , .AAA.CTaCAQ.aCQ.TTQ>QT.QTQ>TT.QTT.TAA.AGQ.Q-3 

*" Z'Z^^TS^ ™ fr»gr r * nU -« using *. *deoxy ch*n 

55 introns were present wtthln the c^sorr^ gen^ecv^ S109 1); processing 

444 (MW 48861) or 448 (containing me first lour N^ermnal amino acias as puownx, or 
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ammo tods. 



Example 9 



Overexprewion of phytase in Aspergilll by Introduction a* additional phytsae genomic DNA copies 



Construction expression vector pAP 2-28 

All cor.etructs «w< made using standard molecular biological proceccres. as described by Manlatjs et 
al (1082) Motecuiar cloning. A laboratory Manual. Cold Spring Haroor Moratory, N.Y.. 
" "aa expression vector pAF 2-2$ «u mad* by subcioning the 8 kb Pvu II DNA fragment of «w phytase 
genomic clone lambda AF201. into the Sma l-slts of pUCi9. The derivec piasmld was designated pAF 2-2 
(Figure 4) As selection marker for the transformation to Aspergillus, tne Eco RiXpn l DNA fragment of 
plasmid PQW325 (Wemara K. (1888). Thesis. Agriculture University. Wageningen, The Netherlands) 
ccntaining me nomotogoua Aspergillus nldulara amd S gene, was inserted into the Eoo Rl/Kpn I sites of 
pAF 2-2. The resulting expression vector was designated pAF 2-23 and is snown in Figure 9. 



A. Over expression of phytase In A. ficuum NRRl 31 3S. 

The puamid pAF 2-2S was introduced in A. ficuum NRRL 3135 using transformation procedures as 
described by Tllbum. J. et.ai.(i983) Gere 26 . 205ST5id Kelly. J- & rtimes. M. (1985) EMBO J.. 4 . 475- 
479 with the foBowmg modification* _„ 

- mycelium was grown on Aspergillus minimal medium (Cove. 0. (1968) Bwchem. Btophya. Acta. 113 . 5V 
56} supplemented with 10 mM arginine and 10 mM prolne for 16 noun at 30 C in a rotary shaker at 300 

'aly Novczym 234 (NOVO industri), and no helicese, was used for formacicn of prrtr^teata; 

- after 90 minutes of protoplast formation. 1 volume of STC buffer (12 M sorbitol. 10 mM Tns-HCI pH 7.5. 
50 mM CtCls) was added to the protoplast suspension and centnfugod at 2500 g at 4 C for 10 minutes in 
a swingmg^ucket rotor. The prctoptata were washed and reeuspended « STC-bufler at a concentration of 

-^lalmidDNA was added in a votume of 10 ul in TE buffer (10 mM Trie-W pH 7.5. 0.1 mM EDTA) to 100 
ul of th6 protopltft fi m.*** *- 1 ^ 1 ^! 

- after irwutMtion of the DNA-protoplast suspension at 0*C for 25 manues. 200 ul of PEG soMon was 
added dropwise (25% PEG 4000 (Merck). 10 mM Tris-HO pH 7.3. 50 mM CaCl,). Subsequently. 1 mi of 
PEG solution ( 80% PEG 4000 in 10 mM Tria-HO pH 75. 50 mM CaCfe) was added stowly, with repeated 
mixing of the tube*. After incubation at room temoerature. the suapenatona were diluted wrth STC-buffer. 
mixed by inversion and centrifuge* at 2000 g at 4* C for 10 minima. The protoplasts were reeuspended 
gently In 200 ul STC-buffer and plated on Aspergillus minimal medium with 10 mM acetamide as the sole 
nitrogen source. 18 mM CaCL 1 M sucrose, soWied with 0.75% bacteriological agar #1 (OxckJ). Growth 
was perfoiTPed at 33* C for 6-10 days. 

Single trensformanta designated SP4, SP7 and SP8 were isolated, purified and tested for phytase 
production in snake flasks, using the process as described m Examples t and 2. As a control, transfcrmants 
possessing only the vector (amdS gene in pUO 9). as wel ae the untrvWormod host were tected. 

Strame were grown order induced condraors (see Examole 6) and samples were taken after 96 hour, 
of growm. Araly.es were performed by measunng me pnytase a«vity (Taoie 4) and by isoewctric focusing 
polyacryiam.de geletectrophoresis (IEF-PAGE). _ _„ c , *o CD 7 

Samples of equal volume were taken from fermentations of A. taxm and A. faun pAF 22S SP7. 
grown under aenticai conditions, and were appied onto an lEF-PAtfTg^tpH-range 4.M. Phast-System. 
Pharmacia). The electrophoresis was performed accordlrg to the instructions of the manufacturer. Subse- 
quently, the gels were either stained with the general protein stain Cocrrassie Briiant Blue (Figure 106). or 
with the general phosphatase activity staining described in Example 2 (figure 10A). 

A sample of A. ficuum phytase. purified to homogeneity (vie immunoaffinity chromatography as 
described Example 7)Twas also applied either alone, or mixed with a cuture supernatant 
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Phytase is praeent in the vinous samples In a mi* bar of hoforms (Indicated with an asterisk), as ha» 
Men mentioned in this invention. The (wo major isoenzymes are dearly visible in trie purified phytase In 
'anas 3 and * with Both italning procedures (A and 3). The phytaw bands are barely vis.b* In *e parent 
A. flcuum strain, and significantly Increased in the pAF 2-2S SP7 (ransfcrmant strain. 

Table 4 



Increase of phytaw production &y 


transformation of A. flcuum NRRL 3135. 


Strain 


Phytaaa 




activity (U/ml) 


A. ftcuum 


OJ 


A. flcuum ♦ control plasmtd 


OM 


JLfrCUumpAF24SSP8 


7J 


A. flcuum pAF 2-2S SPT 


6.7 


X. flcuum pAF 2-2SSP4 


4.3 



B. Overexpression of phytase in A.nlger CBS 51 3-8* 

The expression vector pAF 2-2S was alto introduced In A. njger CBS 513.88 by transformation 
procedures as described for A. fteuym Single msformams wereleolsted. purified and tested lor phytase 
production * snake flasna un&Trauced growth «»d«c« a. described i^pte*. 

Phytase expression levels of some trarsfcw^ (deaJgr^ as A. r^f ^28 # a # 20 and # 33) 
and control atraine were performed as described In Example 9A and are shown m Table 5. 

A. njger Mnstormants haw* phytase expression levels comparable with A. flcuum trarsfcrnarrts. In 
addronHsretun InolcalM that the A. flcuum phytase pwra ot» » a^ In* nigef . 

Further analysis was performed on airSFe medium of transformer* PAP 2-zSre by electrophoresis on 
an IEF-PAG6 g* In the pH rang, of ♦ « on a Pftatt-Syetan (Pr«rrr*da) 
volumes of me culture supematams of the A. njger parent ^strajn and of the Jj*"™^** * 
grown under identical condrBorvs. were applied omotfieoel.Thegeiswererunand subsequent saawd as 

^ perect A. niger produce a very tow amount of *** ««nat to 

electrophoresis. TWTSaln PAF MS * produces appro 90 times more phytase. and Ma difference « 

^le^ac^^i #fim ma*m-*** fndcated by ""^^^^ 
indeatae that fte Intensity of fee phytase prolern bends is dramatically .ncreased. while no other major 
protein bands appear. 



Tables 



Phytase production by tranaformation of 
A. niQer CBS 61 3.88 with pAF 2-28. 


Strain 


Ptiytasa 
activity (Uftnt) 


A. nig* 

A. nigar ♦ control pusmid 
Xnlgirptf 2»2S#8 
ESgS?pAF2-2S#33 
JCSga?pAF2-2S#20 


02 
02 
14 
5 
I 
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Example) 10 



PhyUse expression in A. niger transformed with expression vectors containing the A. flcuum phytase gene 
^ se0 g me promoter a^d/oTsIgnai sequences of the A. niger amytoo^jcosidaseTftj) gene. 



Constructions of the agression vectors. 



To obtain overexpression of phytase in A. niger . additional expression cassettes are derived In which 
the A ficuum phytase gene is under control of the K niger amytoglucosidase (AQ) promoter in combination 
wrthlifiersnF signal sequences, in pi8FYT3 and p24*mthe respective 18 and 24 amino acid (aa) leader 
sequences of trie AG gene from A. niger are fused to the phytase gene fragment encoding the mature 
protein, in the expression cassettTpFTfS the AQ promoter sequence is fused to the phytase encoding 
sequence including the phytase leader sequence. 



Construction of pl8FYT3 

Fusion of the AG-promoter arxl the 18 aa AG-feeder sequence to the phytase sequence encoding the 
mature protein were performed by the Polymerase) Chain Reaction method. *n the PCfl reactions two 
different templates were used: pAF 2-23 containing *e ertre phytase gene as described above and pABS- 
1 a plasmld wnteh contains the entire AG-locus from A. niger , which was isolated from a A. niger plasmid 
libiary. containing 13-15 kb Hn dll fragments in pUCtS. f=cTme isolation, AG-apecrftc oiigos were used: 
AGO : 5 -GACAATGGCT ACAC6AGCACCG CAACGGACATTGTTTGGCCC-8 
AG-2: 5'-AAGCAGCCATTGCCCGAAGCCGAT-3 

both based on *e nucleotide sequence published for A. niger (Boel et at . (1084H EMBO J. 3 , 1007.1102; 
Boe j 6t aj (1984) Mol. and CeO. Biol. 4 . 2306-231 5T f^otf gcnucTeodde probes were derived from the 
sequence surrounding intron 2: oligo AG^I is located 3 of the intron and has a polarity identical to the AG 
mRNA and ofigo AG-2 is found upstream of intron 2 and is chosen antiparafleJ to the AG mRNA. Ptasmic 
pABeo contains the AG ger* on a 14.5 kb Hin dill fragment (see Figure 12). 

As primers for the PCR-amplificatona four syrthetic oBgorwctectides were designed with the following 
sequence: 

Oligc) is 5 , -CXCTOaUKiaAII^CC^AO-3 , (an AC-sp«cific 

saquanc* around thm IsqRX tit* appro*. 250 bp 

upstraaa the) ATO initiation codon) * 
Oligo 18-2 X 5 , -CCUUKttG<WGACTGCCAGTCC^ 

mature phytaaej <-*-> 18 AA AO-leader 
Oligo 18-3: 5 1 H3TCTGCACAG«TTW^ 1 

18 aa AO-laadar <-*-> mature) phytasa 
Oligo 4i S'-cw^ct^SfiAIC^CAGcrro' (a phytaaa specific 

sequence located at the fitoHX alto on position 

661) 

The PCR was performed as described * Sa* et al . (1988). Science 238 . 487-481, with minor 
modificalons (see Example 8). 

To fuse the AG sequences to the phytase coding sequences two separate PCrTs were earned out the 
fust reaction with 0AB8O as template and oiigos 1 and 18-2 as primers to amplify a 300 bp^ fragment 
containing tne 3 '-pan of the AG promoter and the 18 aa AG-leader sequence flanked « the 3 torM ^by tt* 
nucleotides of the phytase gene, and the second reaction with pAF 2-2S aa template and ^J«j" d , 4 
as primers to amplify a 600 bp ONA fragment centring the 5 part of the phytase gene flanked at the 5 - 
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border By 18 nucleotides 0* the AG signal peptide. A schematic view of these amplifications is presented in 

Figure 13. . . . . 

The two DNA fragments generated were purified by geleiectropreresis and ethanol precipitation and 
used as templates m tne tfird PCR with ollgoa 1 and 4 as primers to generate the AG-phytase 'usion. The 
obtained DNA fragment was digested with Eco P.1 and Bam HI anc ajbcionec into pTZlSR The resulted 
fusion was sequenced and designated pl8FYTT. 

The remaining (3.5 Icb) upstream region cf the AG-promoter was obtained by digestion of pA38-i w,th 
Kpn 1 and partial* *«h Eco fli and Ugated to tne 1.1 Kb Eco P.\Bam HI fragment of piaFVTl and 
subsequently cloned Into thTkpn 1/Bam HI sites of pTZ18R flasrnid pl8?YT2 thus obtained >$ shown in 
Figure 15. 

An additional rln dill restriction site was introduced by insertion of the synthetic fragment 



5* AATTCAAOCTTC 3* 
31 OTTCQAACTTAA 5' 



into the Eco Rl-site (Harking the amd S-gene) of pAF 2-2S. The obtaned plaamid was designated pAF 2- 
2SH (Figure 14) and is used as starting piasmid to exchange the phrase promoter sequences by the PCfl 
AQ-phytase fusion DNA fragments. 

For the final construction. P 18FYT2 and pAF 2-2SH were digested with Kpn I and partia.ly *rth Bam HI. 
The 4.6 kb ONA fragment of p18FYT2 and the 11 kb ONA fragment ofTSF 2-2SH were isolated and 
purtfted by gel eletfrophoresis. subsequently figeted and transferrec 10 E. coB . The derived expression 
cassette was designated pl8FrT3 (Figure 15). 

Construction of p24FYT3 

Fusion of the AG-promoter and the 24 a* AG leader sequence to the mature phytaae encocing 
sequence was performed by PCR-ampllflcation as described above *f the construction for p18FYT3 with 
the exception cf the primers used. Two new primers were syrthealzed with the following sequence: 

Oliej© 24-2: 5'-«*TCCG<^ACTGCCWra« 

nature phytaaa <-*-> 24 kk xc-laadar 
Oligo 24-3: 5 • -AAT<M<^TTTCCAAGC<j^CTGGCXCTCCCCGCCTCG-3 ' 

24 aa AC-l«adar <- J -> aatura phyta»« 

Two asperate POTe were earned out the fNt reaction with pA8 6-1 as template and ollgoa 1 and 24-2 as 
prlmera to amps* « Sit bp DNA fragment containing the 3 part of tne AG promoter and the 24 aa AG 
leader sequence take* at «ie 3'«6order by 18 nucleotides of the) phytaae gene and the second reacten 
with pAF 2>2S as template and ollgoa 24-3 and 4 as prlmera to amptfy a ONA fragment containing the 5 • 
part of tw prr/we gene flanked at the 3 -border by 18 nucMMM-* *e 24 aa AG leader. A schematic 
view of these arnplfleaeone la presented In Figure 13. 

For the construction of the final express** cassette D24FYT3 via the Intermediate plasmlds p24FYTl 
and P24FYT2, the same cloning pathway/procedure was used as described tor piaFVTl snd pi8FYT2 to 
aenve tne expression cassette pifJFYTO (Figure 15). 



Construction of pFYT3 

Fusion of the A&eromoter to the phywe gene Oncluding tne phytase leader) sequence was also 
performed by PCR-amptlfteatJon as described above for tne corwucflon of pi6PYT3 with *e e*cep»on 0? 
the primers used. Two additional primers were generated with the fofiowmg sequence: 
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OliQO fVt-2: 5 ' -AACAGCAGAGACGCCCATTGCTGAGGTGTAATGATG-3 

phyttM lwder <- J -> AG-promot. r 
Oligo fyt-3: 5 ' -CATCATTACACCTCAGCAATGGGCGTCTCTGCTGTT-3 
Oligo ly* AG . proao ter <-^> Phytaw leader 



Two separate PCfl's were carried out the drat reaction with pAB 6-1 aa template and olgcs i and fyt-2 
»o as crimen to amplify a 282 bp DMA fragment containing me 3 -part of me A3 promoter flanked at me 3 • 
borSa™ 18 of me phytase leeder ind the second re^on wit, |,pAF 2* I « m#m < 

oHcos fyi-3 and 4 as primer, to amplify a ONA-fragment eontauwng me 5 -part of Jr* phytase gene 
SdirS In. Pt.ytas. Mat) and flanked at me S-border by 16 nucteotld* of the A(*prorncter. A 
schematic view of these amplifications Is presented In Figure 13. 
„ p^ e con^ructon of me flnl expression cassette pFYT3 along the immediate ptesmWs pFYTl and 
pFvS Je sX cloning pathway/procure w« used as described fa P i8FYTl and P 18FYT2 to denve 
the expression cassette pi8FYT3 (Figure 1SV 

as Expression of me phytase gene under me control of the AG promoter In A nlger 

B. coll sequences were removed from the phytaae expression cassette described ab**by »n dltt 
^I^Zards, the A niger strain CBS 513.88 (deposited October 10. 

uo DMA fragment by prdcedurea aa described * Example 8. Sing* A nlger transformers from each 

each transformer* were colected from cells grown for 3 days at 37 C ^ °" 4 *P^^ d 
England) agar plates. Phytase oroductton was tested m shaM MM under mtlo*Dwtng growth ™™™ 

amS»Iv 1 x 10* sporee were inoculated fn 100 ml pr*eu«ure medium cortammg (per filter), I g 
K*& STmLtose; S 10 g casein-hydrcysa* 0.5 g MgS<V7»,0 end 3 g Tween 80. 

" *SX£££* 34 • C in a rotvy i m, of the ^^"^^"l 

yeast-extract; 25 g ceeein-hydroryaett 2 g K«Sa; OS g MgSO. -7*0; 0.03 g ZnCb. 0.02 g CaCfe. 0.05 g 
^SO»*4HjOandFeSO».ThepHwaaed|ustedto5A .«<„*^win 
* The mycelium waa grown for * least 140 hour.. Pnytaes production 

Example I The production results of several, random transformants obtared from each expr.ss.on 
cassette ve shewn in Table 6. 



45 



SO 



53 
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Tab It 6 



Phytasa production of aavaral A, niqtX C83 513.88 strain* 
tranafornad with plasaida containing tha ft, fjguffl phytaaa 

gana under control of tfc« DiSSI AG-pro«ot«r in 

combination with diffarant laadar aaquancaa. 



Expression casaatte Transfomant # 



P18FYT3 
(AC-proBoter/ 
18 aa AC-leadar) 



pl8FYT3 § 240 
P18FYT3 I 242 
P18FYT3 t 243 
pl8FYT3 * 244 
pl8m3 # 245 
plSFYT3 i 248 
pl8FYT3 I 290 



Phyta«a 

activity (tT/al) 

82 
84 

62 
43 
80 
82 

110 



p24FYT3 

(AG-proaotar/ 
24 a* AG- laadar) 



pFYT3 

(A«-proaot«r/ 
phytaia laadar) 



P24PYT3 I 258 
p24FYT3 t 257 
P24FYT3 I 258 
P24FTT3 ft 259 
p24FYT3 t 260 
p24FYT3 i 261 
P24PTT3 i 262 
p24FYf3 | 265 

prrrs # 205 

pFYT3 #282 
pPYT3 # 299 
pFTT3 * 302 
pFW3 * 303 
pPTT3 I 304 
pFYT3 f 305 
pFYW # 312 



8 

30 
13 
33 
17 
28 
18 
12 

50 
280 

96 
220 
175 
150 
150 
140 



The data dearly show high phytaae express** leveU .n A mger tranatomanta cortaining *»f>***» 
gerJ^daT*. cMotJ niger AG prone*. Tha data i&Jafww that the highest phytaae production 
*• ma pfYT3-a^on vector, which contdna tha phytaae *d« S ""™*™" 
«^eatfe7 vectors ccJrtaWng an Irrtronleaa phytaae gene attar tnwsforrnaSon to A. njoar , resulted « 
ohytaae expression levels comparable to 5FYT3 tnnjiormanB of A otger . 

TaSETaiactrophoraaia on an IEF-PAGE gal in ma pmange of 4.M was parformed an caftm 
Ju0 emai»nts of wnsformants pFfT3 #205 and #282. Ecu* volumes of tha cutura j^porT^arti ot^e A. 
nioar parent strar. and of both tranaformants. grown undandaracal ^*^™J™*^*»" 
n^att jubaacuantly stained u described * E*mp* 9. T* param pr*i«« • vwy low amount 
^yt^ch detected ,n t... axpertrraot ££!^£EL 
250 and 1-00 timea mete phytaaa (compare :^yi« levels .n Taaiaa * and 5). and Ma ^"«V» ' 
, s *Tn Rgure 11. Seven, ieotorma of s*y«a eriyma are detected Ondic-ted by an 
general protein ataii inoicatw mat tna Mana.ty of tha prytase erown Panda .a dramancelly meaied. 
while no other major protein oand* appear. 
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Overexprmton of phytase in A. ficuum and A. niger grown on an indugiaj scale 



A. A. fleuutn 

Strain A. ficuum pAF 2-25 #4 and A. ficuum MM. 31 SS were grow, at described in Example t. The 
transformanTpTiauced approximately 50 time* more phytase as compered to the wild-type strain. 

Table 7 



nv-ir«ipf«s»i6n of ohvtaae by a transformer* of A. ficuum 


containing multiple phytase gene* Cells were grown as 




described in Exam pie 1. 


Hours after 


Phytase activity A. 


(U/mi Ferrnarabon broth) 


inoculation 


ficuum NRRL315J 


A. ficuum pAF 2*2$ #4 


0 


0 


C 


24 


0 


0 


92 


2 


142 


141 


5 


270 



X 



8. A. niger 

Strain A. nicer pAF 2-2S #8. a transforrnant of A. niger strain CBS 513.88 and me p^^ ^ ^ 
itse* were-growTw described in Example i. T^Transformarrt produced approximately 1000 times more 
phytase as compared to the origiral A. niger parent strain (TaWe 8). 

Tabled 



Ovorexpressxxi of pnytase by a transformant <* A, niger 
(CBS 813J8) containing multipie priytase gene*. ™* 
were grown as described in Example I. 


Hours after 
inoculation 


Phytase activity A. 
rHgerC835l3^ 


(U/mt few** utoi broth 
A.rvgerpAF2^#8 


0 
24 
92 

141 


p p o o 


0 
5 
65 
95 



4% 



Example 12 

so 



To comruct. the vector pREPFYT3. «Hh whk* simultaneous* p«W ^^9^« 
replacement la achieved. pFYTJ i. digested with Kpn I. With the obferrt Mitar Kpn I 0NA fragment two 



separate ligations are performed. 
55 Ligation 1 with the Kpn 1-Hln dill adaptor 
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5'- CGGGCA -3* 

3 ' - evracc sccrrcSA-s • 
Kan l Hindlll 

1 Ligation 2 with the Kan hWr JIP adaptor, in which the Hin dill restriction site will not restore after 

ligation: 

S • - CGGGGS -3 ' 
3 • - CTXflflC CCCCTCfiA-S ' 
to Kanl Bin^XII* 



Subsequently, ligation 1 is partially digested with Hin dill. After removal of tr» amd S com«t*g 
fragment by gel electrophoresis, the remaining ONA fragment la recircuiar&ed by figarjon and transferred to 
'» E coli The obtained plasrrid is denoted pFYT3Aamd8 (tee Rgure 18). 

" TToaUon 2ieaao dgested wtth Hin dill and the 4 Kb ONA Hin dlll/Nn dlir fragment, contaring the smd 
3 g.^ iSSSTS »SS*m*. subsequent^yTgaleonb . partJaHy Hin da, 
p^^amdl and trar«rferT*d to E.coI . Tne plasmid containing the amd S gene at the 3 end of the 

. Ph Tin^Jce^^^ 

sequence. pFYTSINT is partially digelSd w» Hin dill. «gated first to the adaptor 

5 ' -AGCTAGGGGG -3' 
3 ' TC CCCCAfiCI'S ' 
a Hindlll* SfllX 

(in which the Hin dMP restrictlen site will not restore after HgaHon) and tutoaaajerfly *• 3* MMn dlM 
foglS TpA^-l. After triform*™ to IL c^ , «t* c*»^ p<»mid pREPfYT3. conarung *. 3 
Hcnking sequence at the correct position, is oEtflned (Rgure '*) 



3S 



Expression of phytaee in A. niger by AG gene replacement 

Before transformation of A. niger with pflEPFYT3. the E. col sequences in the plasma are 
u . Y7V,!1„ ^ aeWsSSwretit. The A niger itrirfCBS 513*8 is transformed with 10 ug ONA 
£L^ £^ and g«Mh of «nsfonnant. i. performed as 

SSd u, taSSTf 0^^»rtty of 5* Wi^ed truants lose AO activity (apprc* 20%K 
client ONA Tperform* on AG negative and phytase positive truants to 
verify that the AG gene « indeed replaced by the phytase gene. 
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so 



ss 



Conservation of the phytaee gene m afferent apecies. 

To determine M» the pnym. gen. » fUgfty censed JTc^cSa' 
anayses of chromosomal ONA from ten different species were performed with the A. ftauurn phytase cDNA 

" P ^Tse chromosomal ONA analyses were performed on species from flbmentws fungi, yeasts and 
A, TTZSL oL VLed numosr from ^ group w^e chceen: for fliamsrHou. fur*. 

SSS^n d tor the fxo e»yoticlrqani«ms the GranvpoKCve species. Bacillus www • ~2 
55 ^o.ecu* weight chromed ONA from these sped- was digests* wttti Pvu II end Bam HI 
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separately and subsequertty siecrophcrized on a 0.7% agarose gel. 

After transfer to nitrocellulose filters. '.He hybridization was performed ovemignt at tow stringency (6 x 
SSC: 60* C) with a ^P-laeeied 5 -phytase cDNA fragment (described in Example &). Blots •ere washed in 8 
x SSC at room temperature ar.d exposed to X-ray for 1 8 hours. 

As shown tn Figures 19 a and 0. descrete bands are observed in almost every !ane, predicting a high 
degree of homology of the prytese gene oerween mlcrooial species. 



20 



30 



Claims 

A purified and Isolated DNA sequence characterized In that said DNA sequence encodes a peptde or 
proteir having phytaee actrvfiy- 

2. A punfleo and isolated ONA sequence according to Claim 1 , further characterized in that said sequence 
is derived from a microbial scurce. 

3. A purified and isolated ONA sequence according to Claim 1. further characterized ir that said sequence 
is derived from a fungal source. 

4. A purified and legated ONA sequence according to Claim 1. further characterized in that said sequence 
is derived from an Aspergillus source. 

5. A purified and isolated ONA sequence according to Claim 1, further characterized in that said sequence 
is derived from an Aspergillus ficuum a an Aspergillus niger source. 

6. A purified and isolated DWsequence according to Claim 1, further characterized in that said sequence 
encodes a ohytase which exrtrbrts the following che/actWica; 

a) prcvices a single band at 65 kOa on SDS-PAGE when expressed in an Aspergillus host 

b) has an apparent molecular weight after degrycosylation in the range of about 48 - 565 kDe; 
2$ c) has a specific activity ot about i00 UVmg protein. 

7. A purified and isolated ONA sequence characterized in thai said sequence exhibits at least one of the 
following characteristics: 

a) hybridizes to an oilgonudectide probe derived from the DNA sec*ence as disclosed ; n Figure 8; 

b) hybridizes to an ottgonucleoUde probe derived from the cONA sequence as dsciosed in Figure 8. 

8. An expression construct characterized in that a ONA sequence according any one of claims 1-7 is 
operabty linked to a regulatory region capable of directing the expression of a protein or peptide having 
phytase activity In a suitable expression host 

9. The expression construct of CUsn 8 further characterized in that tne regulatory region also contains a 
secretory leader sequence proving for the secretion of the expressed protein or peptide having phytase 

activity. ^ 

10. The expression construct of ©aim 8 characterized in that the AG promoter « used to direct the 

expression of the protein or peptide having phytase activity. 

1 1. The expression construct of Claim 10 further characterized in that s fxwtogo* phytase leader 
sequence is used to provide for the secretion of the expressed protein or peptide having phytase activity. 

12. The expression construct of Claim 10 further characterized In that the 18 amro acid AG leader 
sequence is used to provide for the secretion of the expressed prctein or peptide having phytase activity. 

13. The expression construct of Claim 10 further characterized in that the 24 ammo acid AG leader 
sequence is used to provide for the secretion of the expressed protein or peptide having phytase activity. 

14. The expression construct of Claim 9 characterized in that a homologous phytase promoter is used to 
direct the expression of the protein or peptide having ohytase activity. 

15. The expression construct of Claim 14 further characterized in that a homologous phytase leader 
ssquecce is used to provide for the secretion of the expressed protein or peptide having phytase activity. 
13. The expression construct of Claim 14 further characterized in that the 1 9 ammo acid AG teader 
sequence is used to provide for the secretion of the expressed protein or oeptioe having phytase actrvrty. 

17. The express.on construct of Claim 14 further crwactenzed in that the 24 amino acid AG leader 
sequerce la used to provide for tne secretion of the expreaeed protein or peptide having phytaee activity. 

18. A vector capable of transforming a host cefl cherac-ertzed m that said vector contains an expression 
construct according to any one of Claims 8 to 17. 

19. A vector according to Claim 18. further characterized in that said vector is a piaarmd 
20 A vector according to Cuurn ia further characterized :n that said vector is a piasmid selected from the 
group consisting of pAF 28-1 , pAF 2-23, pAF 2-2, pAF 2-3. pAF H pAF 2-8. pAF 2-7. p18FYT3, P24FYT3 
and pFYT3. 

21 . A transformed host cell characterized in that eakj host ceil is transformed with a vector according to any 



40 



SO 



66 
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one of CWms 18 to 20. 

21 A transformed host call according to Can 21. which is selected from the group consisting of bacteria. 

vdflsts 8ixj fund. . 

23 A ttnsformed ho« call according K Claim 22. which i3 selected from the group consisting of 
, Aspergillus . Tricriodeima . Penicillium . Muar . BaciHuj . Kluyvarc^yc»» and SaccMnxnycw 

24 a tran sf ormed host ceT-£ccHngHTC*irrnar which .< selected from the group consisting of 
Aspergillus . Aspergillus flcuum . Aspergillus awamori . Aspergilus oryae • Trichoo^ reesel . 
^fmiir^uyvar^^^-, Sartia^ea cereviaiae . Bactllue^Es and Bacilus KneSfor- 

io 55" A process for the production of a p***> or protein having phytasa activity, characterized In mat a 
transformed host eel according to any on. or Claims 21 to 24 .« cuftured uncer coocWona conducive to *e 
oroductlon of said psptide or protain hawing phytase activity. 

iTpapdde or prXhaving phytasa artvtty. cfwactarized in mat said peptide or prottn hrving phytase 
activity is producad by a process according to Claim 25. 
r$ 27. A phytasa tfe/acterteed In tf* the phytase exW^ 

a) provides a single band at 85 kDa on SOS-PAGE when expressed in an *P"^ 

b) has an apparent molecular weight after deglycoaylatlon in the range of about 48-565 kOa: 

c) has a specific activtty of about 100 Urmg protain. 

28. A feed for animals characterized in that said feed contains a peptide or protein having phytase actMy 

x acco rdirio to either of Claims 28 and 27. : , ^ 

2?*eVaWide or protein having phytaae activity «ccording «ceith~of Claims 26and 27 forthe 

conversion of phytate to Hcsrtol and ircrgank: phcsphatB, «hk* i» 

30. A process for promoting the grow* of animals characterized m thai ar lanhntf la tad ^a diet which .s 
comprised of a feedstuff supplemented with a phytasa according to either . . 

x 31 A process for the reduction of levels of phytate in animal manure chOTCte^ jnlta an rimi^W. 
w^cnTaxric- of a feedstuff supptemecied with a p*y*ae according to erth« c< d*ms 29 and 27 
in an amount effect in converting phytate contained In the feedstuff to Inositol and morgan* phosphate. 



so 
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N-TERMINAL AMINOACID SEQUENCES 





A 


B 


c 


POSITION 








01 






LEU 


02 




• 


ALA 


03 




* 


WL 


04 






PRO 


06 




ALA 


ALA 


06 




SER 


SER 


07 




• • • 


ARQ 


08 




m m m 


ASN 


09 


QLN 


GLN 


QLN 


10 


SER 


SIR 


SER 


11 


SER 


SER 


8ER 


12 


. - - - 


mmm 


QLY 


13 


ASP 


ASP 


ASP 


14 


THR 


THR 


THR 


16 


YAL 


VM. 


VAL 


16 


ASP 


ASP 


ASP 


17 


QLN 


QLN 




18 




QLY 




10 




TYR 




20 




QLN 




21 




ARQ 




22 




PHI 




23 




SER 




24 " 




QLU 




26 




THR 




26 




SIR 




27 




HIS 




28 




LEU 




29 




ARQ 




30 




(GLY)*- 




31 




QLN 




32 




TYR 




33 




ALA 




34 




PRO 




36 




PHE 




36 




PHI 




37 




(ASP) 




38 




LEU 




39 




ALA 
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PEPTIDE AMINOACID SEQUENCES 

A B C D E 

position^ (TRp) ^ ALA VAL 

02 SEB"* M?T SER VAL 

03 QLN PHE QLN SER ASP 

04 ALA ASP CYS ALA --- 

05 QLU THR QLN GLU ARG 

06 QLN ILE ALA LYS PHE 

07 QLU SER QLU GLY PRO 

08 PRO THR " QLN TYR TYR 

09 LEU SER QLU ASP THR 

10 VAL THR PRO LEU GLY 

11 (ARG) VAL LEU VAL --- 

12 VAL ASP ML VAL ALA 

13 LEU THR ARQ 

14 VAL LYS WL 
16 ASN LEU LEU 

16 (ASP) SER 

17 (ARG) PRO A8N 

18 (VAL), PHE ASP 
10 VAL (CYS) ARQ 

20 PRO (ASP) 

21 LEU 

22 PHE 

23 THR 



EP 0 420 368 A1 



N-TERMINUS 100KD PROTEIN 



POSITION 


* 


01 


VAL- 


02 


VAL 


03 


ASP 


04 


GLU 


05 


ARQ 


06 


PHE 


07 • 


PRO 


08 


TYR 


09 


THR 


10 


QLY 
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figure S 
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Figure 6 

1 GTCGACn^OCCrcCTATTCCUCCTCOTCCGCTGAAQATCCATC 
Sill 

61 GCCACCTnOTGAGCTICTAACCTGAACTCGTAaAGrATCACACACCATOCCAACOTGGa 
121 ATGAAQOCGTrATATGACACCCTCCCCTCCOOCOCQATQGCCaTAOCrGCCACTCGCTCC 

t 

l8l TCTCCAAQAAAmCTrCTCATAOGCAra 

translation a tart 

241 ATCTCCT3TCTC( %rrATOCTAAGCAC^ 
intron start 

301 ACXXXXCCTGMOCTCG^ 

intron and 

361 CCTCCQQACTQCCA(7rCCCCaXTOLWAAA 

421 OOTATCAAIGCITCTC C CAQACTICOCATCTTTOCXOT 

461 TGGCAAACQAATCGGTCATCTCCCCTGAGOTQCCCGCC^ 

541 AOQrrCCTC:CCC0rrCATOQA«XX^ATCXX^ 

601 CTCTCATTOAGQAQATCCA«AQAACOCCfl^ 

661 AG^CATACAACTACAflCTI CO OItgAQAT^CCTOACTOCCrTC 

721 TCAACTCCOQCATCAAQfITCTACCA0CaQTACQAAICOCTCACAA(XUACATCarrcC^ 

781 TCATCCQ A TCCTCWGCTCCAGCCOCaiOA 

84 1 TCCAQAOCACCAAOCTQAA QOATCCT COTQC CCAOCCCOOCC AATCGTCGCCCAACATC a 

BtnKI 

901 ACCTC0TCATmCO»OaACK^TCCMCAACACTCTC^ 
961 TCTTCQAAGACAGCQAATTaOCCGATACCGTCQAAOCCMriTCACCGCCACGTiCGTCC 
1021 CCTCarrCqTCAACgrCTOOAQAACCACCTtTrCCQGTO^ 
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Figure 6 (continued 1) 

1081 TGACCTACCTCATGOACATCTOCTCCTTCGACACCATCTCCACCAOCACCgJ2SfiS*^* 

Sail 

1141 AGCTarrCCCCCTTCTGTQACCTGTTCACCCATOACGAATttSATCAACTACGACrACCrCC 
1201 ACfiecrWAAAAAOTATM^ 

■ 

1261 TCGGCTACCC7AACMQCTCATCGCCCGTCTQACCCACTC 
1321 QTTCCAACCACACTITGGMTrCGAGCCCGGCTACCTTK 

1381 CGGACTTTTCCX^TGACAACOGCATCATCTCCAniriVlTlW. !' l'lAQOTCTOTACAACa 
lttl OACTAAOWOCTATCTACCACGACCGTOGAGAATATCACCCAGACA^ 

1501 CTQCTrctwcoGrrrccQTTOr^^ 
1561 AeKaaMoccantmuJu^ 
1621 cOTiraATOcn-raaxiA^^ 

1681 CAlVlUOOGCrrGATrOGQCOaAlflUl n 1UC rjlAgCTC^ATTACCrrQATQAATOQTATQ 

twnilitfnn stop 

1741 TATCAMnOCATATCATtMXSACTICAOOTAOT 
1801 ATCAATOtTtGACTOTCACTOGCTATCTOAATATCCCTCT 

1861 CATCACCCTTTAAACMTCACACTCAAWKACAQCCrrACAAACQAACAAACGCACAAAaA 

1921 ATATnTACACTCCTCCCCMCOCAATACCAACCCCAATTCATCATACCTCATAIAAATA 

1981 CAATACAATACAAIAtSaOXXATCCCTACCCTCAAC^ 

2041 AOTACnACITCTCCCCCTCCCCCrCACCCrrc 

2101 ACTACTAGTAGAAfiAAGCAQACC^OCTCTCCAOCAATCTCTICGCCCTCT 
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Flfur* 6 (continued 2) 

2161 CGCTACACAAAACCCCCACCCCGTTAGCATOCACTCAGAAAAtAATCAAAAATAACrAAQ 
2221 AACGAAAAAAMC^QAACUUO^QQTrACAIACTCCTCTCATACAAACTCCAAGACCnrATA 

2281 CATCAACATCQGCAATCCCACyATTACTaATATCCATCTATGAACCCATTCCCArCCCAC 

t 

2341 GTrAGTTGATrACTrTACTTAGMGAAflAAAAAGGGAACXXlAAQGGAAA 

2H01 GATnSAfiTrAGTQCTCACCOTCTCOCAGCAACrTTATAi iw n a i«* I'l^WJOAIAICT 

2461 TTCACTGCTCCTGCTGGACGTTGflWCGGGGrrOOT 

2521 TOAicA otoiUi n Quuj^ 

2581 TCTTTrCTTQUnTCaGGATTATTATTTOGAAT^ 
2«1 TOAATCGCriOAmTW(»AATCM 
2701 OAATOBATOQATaWttAfl*^^ 

276i fcTiiu t ixc ic K OCic^^ 

2821 GCTAMrrOACmTOAO^^ 
2881 mAQATrAAaCQCTCrrOCTATTTOCCOr 

29 i»l ATTAAAACTCATCCTACAaTACAaAATAGAACrrAAAAOGAGAAGAOAAAMCAAQATAAT 

3001 ACAACCAOICCAC»rCCATIXrrA(» 

3061 AGTAAGCAAACCATrSQTCTAMTCAACCCCAATAACnCATCOCCTU^ 
3121 AACGCTATGCACCMWGCTCGAM^^ 

3181 OAAAAOAAAAAMCAOACAOAAAAOCTCACCATOOOAAAOAAOCAIM 
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Figure 6 (continued 3) 
3241 GGATCTGCGGGTTOAGATAGATATtWGT^ 

3301 TTC GGAGATQTGATC AGCC ACTGTAACTTC ATC AAOCATCGAC ATTCAACCCTCGOCTCT 
3361 CCGCOrrGAOATCCAAOnOAGATtJCaCGCAaACCCOM 

t 

3421 TnTaMCCACTCTGACTTCATCAACKATCAAAACACACTCCATQaTC 

3 Wl TGTGAGGGTTGATATGCCAWITCGATGCCACQ^ 

3541 AM(n^GQACA«XACTrCATCrrj»TCAA<^ 

3601 MCQAAlCWCaXXTOATOTO^ 

3661 AATCCUUWTQAACAATCAffPrTAACnCATCAAAQCCTEAAATC^ 

37 2i ATicoaaiciwxram^^ 
378i amTAAcrT«JAC0A<rr« 

3841 CTTCATCAAAOCCTrAAATCACTCAATOaCCAUiv lull lUUXfi^l'iCJmQATACC 
3901 CAAOTIGCOATGCCAX^ 
396I TTAAOTCAACJUkAAGCCTIT^ 
4021 <UTATOCOAGTI«OQfWCCTCO^ 

k0Sl (l^GTGCCTQGCCATrQAaAMCQACAGAAACAACCACTITMCTrCATCAAAGCCTrOAA 

4141 CTACTCAATOACCCCBTOTOOCCOTCTCCCa^ 

4201 AGACCGCCAACATGCOATGTTATCATCTAAGTM^ 

U261 GA^CAACCACACrrCATOACACCmAAAmTTCAATQACCA 
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Figure 6 (continued 4) 

4321 TtJCCG0TTGaTATCCaA(7rCaAQQTCCCTCGCAGACCCCGAACATCCGA 1 \Jl i'i 1CGATQ 
4381 GACGACIttAACCCTaACOATCGACAACTATCTCAGrnCOCTTOCCCATTCOOCTO 
4441 TGOCnTACTAmQaATCCTqAOGfrrrCTCCOATCaAA^ 

4501 cGCGACtiAcxcciciccTcajccroATrcr^ 
4561 oacaAajGQAcaiwrccAGaA^ 

46a ACTTACAnAAAAOCtCATAGAI-Ultl 1 i GOTTCCGQOGGGCCC ATOKAAGATC 

4681 TicraQAdircrocaicra^ 

4741 cuTTrrasAAG«gro(UTC<giccrg^ 

48oi AcmrncAxrrccGCGG^ 

W6l ACCCUClWItXCTT C AAOOrCACXTraATgOC ^ 

4921 h ul luuxicc^ n U l U^ 'l U XTC CU U U/ llMCTT CT lOC^^ 

50 t ll xoawooicrncacwjooaiTrcATcarocTGA«GAi^ 

5101 COOCAXCATraKTCAACOOCA^^ 

5161 coccrroACCTCcrccACormoaM 

5221 a^OCTCCCATaCfWXXSATATCCaA^ 

5281 TTCAGACCAATTC2AGCCTGG0GC^GCAATTTaTCTCCOTAQ<I^^ 

5341 CAAGAATAGCCTTCOCCTACAACOACAAGCTCTTCGCCAAAXTTAi 1 1 i wwwvUM 
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Flgur* 6 (continued 5) 
5 H01 MAACOAACCCATCCTCOT 

5H61 ATreCCTCAACOCCQATCTCTOCCTOOOOCTOOOCTICOGATQCaOCCTO 

5521 ccoccicoGACWCACcocTo^arrrco^^ 

5581 TOCOrAJUTTCncaTCAGCCTCCGOTC^ 
5641 (XXXJCOCCAOGI^ 

5701 toxjacocctok^ 

57 6i TiOACTOCTXCnCCC^ 

5821 caarncwcoaAJW^^ 
5881 CTonTcrrttCAaAAffrococacAc^ 

5941 CCIWOCCCICAT^ 

TCAAAAQGAAAACTTT^^ 
6061 TATCCAOACATGOiarcaAATICAQCCTO 
6121 TCAaWWCCACOCOOCCAMQOQCa^^ 

6181 tcwcmccwcot^ 
6241 crccTnTXAffTAa^xrTcr^ 

6301 ACGQAarAOACWC^TnGQAATrCT^^ 
6361 CGCGACGAOATCTC^^ 

6421 iUMxwxmicrAOcciccra^^ 
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6W1 AmocqQAocrmTC ux H i i ucco c^ 



65^1 CTAGACItXACOQAACM ^ ^ 



6601 (UCmCGCGIttTOCOGC^ 

I 

6661 GAACTA«CAl W lU iU fl'n6nQA CUiUl H lU AflrAACAAOAOACTTGCCrCGATCT 



6721 TTGA(nX3TrCTraACAaAAAflTIATOCAACOTWW 

S«1I 
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Flfur* 8 



1 ATOOOC t/l VlL-l U c m iTCT ACTlU, ' ! 1 fUUlUtClUlC r iUU AOICACCTCCOaACTO 
•23HaVSAVLLPL7LL30VTS0L 



61 OCAOTCCCCOCCTCOAC^TCAATCCAOrTOCa^^^ 

AVPASRKQSSCDTVDQOTQC 

-1*1 

121 TTTriXXC^CTTCOCATCTTTOCCXJI^ 

l8F3ITSHLWaQTAPPPSLAHE 



181 TCOgreATCTCCCCrGAOCnXgCCOCCGGATOCAOAaTCA^^ 
38 8VI9PIVPAOCHVTPAQVL3 



241 COrCATOQAOCOCOCnATCCGAOCaACroCAAOOOCAAaAMTACrcCOCTCrcATTQAO 
58HHqABTPTD8EaiIT8ALIB 

301 OAQATCCAflCAGAACOCOACCACCTnOACOOAAMTATOD^^ 
7« IHUAITFDQIIi F HIM 



361 TACAOSTTOOgygAflAIQACCTGUtfTOCCn 

98T0LOAOOLVPPO1«BLVNSO) 



421 ATCAAOnXCTACCAOOMTACOAATCOCPCACAAOQAACATOOTIC^^ 
USlIPTQlTliLTlBIVPFIBS 



Ml T\7WQCrCCAOCCOCQrrWtCOCCTroO0CA^ 

138 30881VIA80EIFI10FQ8T 

541 AAOCIQAAOOAlWrCOI«CCAayCQOCCAATCCfTCOCOCAAC^ 
158ILKDPIAQFOQ81PKIDVVI 

601 TOOOAOOCC A OCtCATOCAACAACACTCTOCKCCC^ 
178SIAS8SNITLDPOTCTVFIO 

661 AQC0AATrOa0CQATACCOTCaAAG0CAATriCAC0(W 

196 8 I L A Mff V8ARFTATPVP8XH 



721 CAACOTCIOaAOAACOACCTarCCOQTCTOACrCTC^ 

218 QRLIMDL80VTLTDTIVTYI 



781 ATOOAC AimUUi U l rCa AC^TCtCCACCAOe*CO«CQACACC^^ 

2J8 II J II C I f 0 T I I I I T V 0 ! I H » 
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